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Sooner  or  later, 
be  weanjjig'  liiiii  off  the  vent. 


Sowliviioliiiak  it  sooner? 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

CoiisidtTiiig  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  COi-  as  part  of  a  weaning  protocol -provides 

timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
[irotocol  that  leads  to  fewer 
ABCis  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MI.DS,  and  make  bed 
utilization  more  efficient. 
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Witli  tlic  Vltni  Cap  nionitar,  the 
iff  Cits  ofvi'iitiliitoi  sitthifs  Clin 
he  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
minute  waits  associatcil  with 
IiIikhI  xas  analysis. 


Make  the  Ultra  Cap  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  Puritan  Bennett  can  help  you  integrate 
capnography  into  a  vital  and  effecti\e  weaning  jirotocol. 
lake  advantage  of  our  extensive  training  and  support 
materials,  including  our  comprehensive  collection  of 
institutional  weaning  protocols.  And  you  can  use  our 
Ultra  Cap'  caj)nograph  and  pulse  oximeter  to  implement 
a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree -the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  l-800-Ni;i.l.(;OR  or  .S10-46;-i-4000.  (Call  our 
European  office  at  +31.73.426565  or  our  .Asia/Pacific 
office  at  +852.2529.0363.) 


NELLCOR 
PURITAN 
BENNETT 


Uttni  Clip  is  a  trademark  of  Nellcor  Puritan  Bennett  Inc. 
©  1W5  Nelk.ir  I'unlan  Benrii-lt  liu    All  rights  reserved. 
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San  Diego,  California...a  picture-perfect  vacation  destination  where 
you  can  explore  the  ocean  depths  of  Sea  Worldf  go  wild  at  the 
world  famous  San  Diego  Zoo,  head  south  of  the  border  to  Tijuana, 
kick  back  and  enjoy  the  sun-bleached  beaches  of  Mission  Bay,  and 
partake  of  the  exciting  AARC  Annual  Meeting. 

To  picture  yourself  in  this  exciting  vacation  package,  circle  number  84 
on  the  reader  service  card  in  this  issue,  request  any  other  material 
you  might  like  to  receive,  complete  the  requested  information,  and  mail 

the  carcf. 
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Your  picture-perfect  vacation  includes: 

■  Round-trip  air  transportation  to  San  Diego  for  two,  November  2-6,  1996 

■  4  nights  hotel  accommodations,  including  room  tax,  at  a  selected 
San  Diego  hotel,  November  2-S,  1996 

■  Admission  to  the  AARC  Annual  Meeting,  November  3-6,  1996 
(Sunday-Wednesday) 


official  Rules:  No  purchase  necessary.  To  enter,  circle  number  84  on  the  reader  service 
card  in  this  issue,  request  any  other  material  you  might  like  to  receive,  then  complete 
your  name,  address,  telephone  number,  and  other  information  requested.  Mail  the 
posugepaid  card  to  AARC  Publications,  P.O.  Box  11605,  Riverton,  NJ  08076-7205. 
Entries  must  be  received  no  later  than  midnight  September  1 ,  1996.  Prize  is  valid  for 
travel  only  November  2-6,  1996.  Entrants  must  be  at  least  1 8  years  of  age.  Illegible 
entries  will  be  disqualified.  AARC  Times  and  Respiratory  Care*  are  not  responsible  for 
late,  lost,  damaged,  or  misdirected  mail.  The  winner  will  be  selected  in  a  random 
drawing  at  Daedalus  Enterprises,  11030  Abies  Lane,  Dallas,  TX  75229-4593  on  or  about 
September  5,  1996.  Federal,  state,  and  local  taxes  are  not  included  in  prize  package. 
Meals,  gratuities,  and  all  other  expenses  not  specified  herein  are  the  responsibilities 
of  the  winner.  Void  where  prohibited  by  law,  and  all  federal,  state,  and  local  laws  apply. 
NO  substitution  for  prizes.  Prizes  are  not  transferable  and  are  not  redeemable  in  cash. 
The  winner  will  be  notified  by  mail  or  telephone. 
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The  Bear^  1000  Ventilator 
with  SmartTrigger: 

The  intelligent  system  that  triggers  by  pressure  or  flow. 


Some  patients  trigger  ventilation  on  pressure.  Others 
trigger  more  effectively  on  flow.  Only  the  Bear  1000 
Ventilator  accommodates  both. . .  with  the  innovative 
SmartTrigger  option. 

SmartTrigger  actually  thinks  for  itself.  Once  you  set 
independent  flow  and  pressure  thresholds.  SmartTrigger 
applies  computer  logic  to  evaluate  patient  demand. 
It  then  triggers  a  breath  with  either  pressure  or  flow — 
whichever  is  fastest. 

No  other  adult/pediatric  critical  care  ventilator  offers 
you  this  patient  management  option.  No  other  ventilator 
works  harder  to  make  ventilation  easier  on  your  patient. 

The  Bear  1000  Ventilator  also  offers  other  options 
that  help  bring  it  and  your  patient  into  closer  harmony: 


Pressure  augmentation...  assures  patient/ventila- 
tor synchrony  with  superior  flow  demand  matching,  all 
while  ensuring  a  minimum  tidal  volume  delivery. 

Pressure  slope...  tailors  rise  time  to  the  inspiratory 
pressure  level,  more  closely  matching  gas  delivery  to 
clinical  requirements. 

PC-SIMV...  offers  inc/ependenf  pressure  control  and 
pressure  support,  at  target  pressures  you  set  for  aD 
demand  breaths. 

The  Bear  1000  Ventilator.  From  the  moment  you 
turn  it  on,  you  can  sense  its  inherent  intelligence. 
Learn  more  about  SmartTrigger  and  the  Bear  1000 
Ventilator  from  your  Allied  Healthcare  representative, 
or  call  1-800-232-7633. 


HEALTHCARE  PRODUCTS  inc. 


xi-r.oducts  Division 
2085  Rustin  Avenue 
Riverside.  CA  92507  USA 
"•^pne  800-232-7633    909-7& 
X  909-351-4881 
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sure"  Contest 

Share  your  expertise  uliliziiiL:  ....  |)ositive  closure"  Passy-Muir  Speaking  Valves  with  your  ventilator 
dependent  patients.  You  could  win  an  opportunity  for  you,  your  patient  and/or  your  department  to  be 
featured  in  a  full  page  color  advertisement  in  a  national  respiratory  journal,  as  well  as  a  $250  scholarship  to 
the  CEU  program  of  your  choice  and  Passy-Muir  Ventilator  Speaking  Valves  for  your  ' 


hicilitv. 


Positive  Closure  Design 


The  Passy-Muir  Tiacheostomy  Speaking  Valves  are  designed  for  communication  for  tracheosiomi/ed  and  venlilator  dependent  patients.  They 
are  the  only  one-way  valves  that  have  positive  closure.  The  \al\cs  stay  closed,  except  when  the  patient  inhales,  proxiding  a  positive  .seal  witli 
no  air  leak  on  expiration.  Positise  closure  provides  significant  benefits  over  open-position  one-way  valves  because  it  promotes  a  "clo.sed 
system"  which  restores  llie  patient's  ainvay  to  a  more  normal  physiology.  This  facilitates  improvement  in  swallowing,  secretion  management, 
restoration  of  physiologic  PHKP.  and  speech,  \'oice  production.  Positive  closure  also  creates  a  protective  column  of  air  in  the  tracheostomy  tube 
to  resist  secretions  from  coming  up  the  l\jbe  into  the  \alve. 
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Summaries  ol  Pcrlincnt  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 

Pulmunary  Rchubilltation  in  I'aticnts  Hith  COl'U  (Commentary) — BR  Cclli.  Am  J  Respir  Cril 
Care  Med  1995;152:861-864. 

Beta-Adrenergic  Receptors  and  Their  Regulation  (Stale  ot  the  Am — PJ  Barnes.  Am  J  Respir  Crit 
Care  Med  1995;152:X38-X6(). 

Terminal  Weaning  (Debate  in  PrintI— D  Gianakos.  Chest  1 995;  1081 5 1: 1405- 1406. 

Rapid  Withdrawal  of  Support  (Debate  in  Print)— TGilligan  and  TA  Rallin  Chest  1995;1()S(5): 
1407-1408. 


Quality  of  Life  in  Octogenarians  after  Open 
Heart  .Surgery — P  Kumar.  KJ  Zehr.  A  Chang. 
Dl;  Cameriin.  WA  Baunigartner.  Chest  1995; 
108(4):919. 


Predicting  Death  after  CPR:  Experience  at  a 
Nonteaching  ConuiuuiitN  Hospital  with  a  Full- 
Tinie  Critical  Care  Stall  1 .  BuiIcl  ki.  RS  VV  axl- 
ward.  Chest  I995;108(4):1009. 


Sec  the  rclciwil  I'diuiriiil:  Predictors  of  Cur- 
iliiipulimmary  Resuscitalion  Outcome  in  a  Com- 
mtmity  Hospital— SD Sclson.  Chest  IW5:I0IH4): 
892-893. 


OBJECTIVES:  To  determine  the  qicility  ol  lile 
in  octogenarians  after  open  heart  surgery.  BACK- 
GROUND: Despite  ;in  increasing  number  of  car- 
diac operations  on  octogenarians,  the  <iutcoine  as 
measured  b\  functional  status,  independence  of 
living,  and  psychological  parameters  of  quality 
of  life  remain  unpro\  ed.  METHODS:  Two  groups 
of  octogenarians  (Group  1,  undergoing  operation 
in  1986;  Group  2  in  1991)  were  reviewed  retro- 
spectively to  determine  operative  mortality  and 
functional  results.  RESULTS:  Group  1  (n  =  15. 
me;m  age  of  8.1.2  years)  ;md  Group  2  (n  =  53,  mean 
age  8.1.0  ye;u's)  were  studied.  0[)crations  included 
isolated  coronary  artery  bypass  grafting  (Group 
1 ,  10;  Cmiup  2,  29)  and  valve  replacements  ±  coro- 
nary artery  bypass  grafting  ±  other  procedures 
(Group  1,5;  Group  2.  24).  Group  1  had  9%  hos- 
pital mortality  and  5.1%  actuarial  survival  after  a 
mean  follow-up  of  6.3  years.  Group  2  had  17"%^ 
hospital  mortality  and  72*;^  actuarial  survival  after 
a  mean  follow-up  of  1 .5  years.  At  follow-up,  sig- 
nifieaiit  impniveiiienls  were  obsened  in  New  York 
Heart  .Association  (NYH.A)  angina  class,  con- 
gestive cardiac  failure  class,  number  of  cardio- 
vascular symptoms,  and  indices  for  satisfaction 
with  overall  life  and  general  affect  in  both  groups. 
Further,  Group  2  also  showed  significant  im- 
pixivenients  in  independence  of  living,  ease  of  life, 
and  K;imofsky  dependency  category,  but  these  im- 
provements were  less  evident  in  Group  1  after  a 
longer  period  of  follow-up.  At  follow-up.  75'^r  of 
Group  I  and  84'*  of  Group  2  octogenarians  would 
definitely  have  made  the  same  decision  to  undergo 
open  heart  surgers  in  retrospect.  CONCLUSION: 
This  sttids  demonstrates  impro\  ed  quality  of  life 
after  open  heart  surgery  in  octogenarians. 


(OBJECTIVE:  To  identify  a  series  of  \  ariables  tliat 
predict  death  after  in-hospital  cardiopulmonary 
resuscitation  (CPR).  DESIGN:  Retrospective  ob- 
sen  ational  stud\ .  SETTING:  A  nonteaching  com- 
munity hospital  with  24-hour  on-site  critical  care 
specialists.  PATIENTS:  Consecutive  adults  un- 
dergoing CPR  between  August  1989  and  July 
1991.  INTERVENTION:  None.  MEASURE- 
MENTS &  MAIN  RESULT:  Two-hundred  forty - 
two  patients  suffered  a  total  of  289  cardiopul- 
monary arrests.  Forty  patients  ( I6.5'/I )  survived 
to  discharge.  Thirty-nine  ( 165r )  patients  had  more 
than  I  cardiopulmonaiy  arrest.  Survival  of  sec- 
ond CPR  was  18"^:; .  Acute  physiology  and  chron- 
ic health  evaluation  ( APACHEl  II  scores  within 
24  hours,  of  atlmission  and  CPR  [APACHE(a)  and 
APACHE(b)|  were  measured.  APACHE(a)  and 
(b)  scores  more  than  20  had  a  96%  predictive  value 
positive  ;uid  wen:  associated  with  a  5-fold  decrease 
in  survival.  Besides  APACHE,  cardiopulmonarv 
arrests  on  medical  floors  and  after  da\  4  of  hos- 
pitalization, duration  of  CPR  more  than  15  min- 
utes and  asystole  assumed  significance  at  multi- 
variate levels  for  predicting  death.  Ventilators 
assistance  and  Glasgow  coiDa  score  of  less  than 
9  at  24  hours  after  CPR  predicted  death  for  ini- 
tial survivors  at  multivariate  levels.  Survival  on 
telemeu^'  units  were  simikir  to  the  ICU  ( 1 7  vs  2 1  % ) 
but  twice  that  of  the  medical  floors.  CONCLU- 
SION: The  CPR  outcome  can  be  predicted  early 
during  hospital  course,  which  may  assist  physi- 
cians to  foniiulatc  a  do-not-resuscitate  order.  Pa- 
tients surv  iving  a  CPR  should  be  considered  can- 
didates for  another  resuscitation  if  clinically 
warranted.  U)w-risk  patients  can  safely  be  admitted 
to  telemetry  units  instead  of  to  more  costly  ICUs. 


Work  of  Breathing  as  a  Weaning  Parameter 
in     Mechanically     Ventilated     Patients — 

MM  Lev  \,  A  Miyasaki.  D  Laiigston.  Chest  1995: 
I(I8(4):I()I8. 

STUDY  OBJECTIVE:  Predicting  patient  re- 
sponses to  changes  in  ventilator)'  support  or  wean- 
ing is  primarily  based  on  bedside  measure  of  res- 
piratory mechanics  and  clinical  judgment.  Work 
of  breathing  (WOB)  has  been  considered  to  be 
the  best  predictiv c  factor  in  weaning.  This  study 
evaluated  patient  WOB  as  a  predictive  ineasure 
of  weaning  and  extubation.  DESIGN:  Blinded, 
descriptive  evaluation  of  the  accuracy  of  pre- 
cxtubalion  values  of  patient  WOB  in  predicting 
successful  e.vtubation.  SETTING:  Critical  care 
units  of  5()0-bed  major  teaching  hospital  of  the 
University  of  Hawaii.  PATIENTS:  Twenty-four 
patients  from  the  medical  and  surgical  ICU  were 
enrolled  in  the  studv.  Patient  diagnoses  includ- 
ed COPD,  .ARDS.  pneumonia,  and  renal  failure. 
MEASUREMENTS  &  MAIN  RESULTS:  In  all 
patients,  we;uiing  from  mechanical  ventilation  was 
accomplished  by  the  clinical  ICU  teams  who  were 
blinded  to  the  patient  WOB.  .After  e.xtubation.  pa- 
tient WOB  was  compared  with  extubation  at- 
tempts. In  14  patients.  WOB  was  elevated  above 
nonnal  levels  prior  to  successful  extubation.  while 
only  1  patient  whose  WOB  was  abnormal  prior 
to  extubation  required  reintubation  within  24 
hours.  WOB  and  clinical  parameters  were  nor- 
mal in  10  successfully  exlubaled  patients.  CON- 
CLUSIONS: In  this  group  of  mechanically  ven- 
tilated patients,  measurement  ol  patient  WOB  was 
less  accurate  than  conventional  weaning  para- 
meters and  clinical  judgment  for  predicting  suc- 
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ccessful  extubation.  This  clinical  c\alualiiin  stiicK 
suggests  thai  WOB  alone  Is  Inadequate  a.s  a  wean- 
ing parameter.  Sec  ilic  rchiicil  cilimmil:  Work  of 
Hreathiiii;  Meusiiremiiils:  Can  Tliiy  Help  Ideii- 
lify  I'allciils  Will)  Can  He  Snccewjiilly  lixlii- 
haliii:'  Ml  MihIoi.  CIiiU  /yv>,  /(ASV-/;.,Syj-,S'W. 

Kk'\a(cd  Imposed  Wiirk  of  Hreuthin;;  Mas- 
(|ueru(ling  as  \  entilutor  W eaninn  iiitoleraiiee — 

OC  Kirliin,  CB  DeHa\en.  iP  Morgan,  J  VVnidsor, 
JMCIvetta.  Chest  ]y9.'i;l()8(4):r()2l. 

OBJECTIVE:  To  lest  the  hypothesis  that,  il  ap- 
parent ventilatory  Insurnclency  observed  during 
a  weaning  or  prccxtuhalion  trial  is  due  to  a  sig- 
nillcant  contribution  ol  Imposed  work  ol'the  en- 
dotiacheal  tiitie  and  breathing  app;ualus  ( WOB,,,,!,), 
and  the  patient's  actual  physiologic  work  of  breath- 
ing ( W()B|,|,^J  is  ni)t  excessive,  il  should  be  pos- 
sible tocMubale  these  patients  safely.  DESIGN: 
Prospective  descriptive  study.  SETTING:  Uni- 
versity hospital  iraunia  intensive  care  unit.  P.A- 
TIENTS:  A  total  of  28  (I  T/r  of  all  venlilated  pa- 
tients) adults  Intubated  for  4S  hours  or  longer,  who 
developed  tachypnea  (40  +  ')  breaths/min)  but 
whose  blood  gas  exchange  met  predefined  ex- 
tubation criteria,  were  evaluated  over  a  3-month 
period,  INTERVENTIONS:  Using  a  micropro- 
cessor-based monitor  I Bicore  Monitoring  Systems 
Inc.  Irvine  CAl  total  patient  work  of  breathing 
(WOBjot)  was  determined  by  Integrating  the 
change  in  intraesophageal  pressure  vv  ith  tidal  vol- 


ume measured  with  a  miniature  pneumotacho- 
graph positioned  at  the  airway  opening.  If  the 
patient's  W'OBroi  was  equal  to  or  greater  than 
O.S  J/L.  WOB„„|,  was  determined  by  Inlegrat- 
iiig  the  changes  In  carlnal  pressures  with  tidal 
volume.  If  neither  the  patient's  WOBror  or 
WOBpin,  was  excessively  greater  than  lliat  of  spon- 
taneous breathing  at  rest  (le.  <  0.8  J/L:  normal 
range,  0,3  to  0.6  J/L),  the  patient  was  extubated, 
MEASUREMENTS  &  RESLILTS:  Breathing  fre- 
quency, peak  inspiratory  tlow  rale  (PIFR).  auto- 
PEEP  ( PEEP,,),  dynamic  compliance  WOBjot- 
WOB,,„p.  resistance  to  expiratory  airway  tlow 
iRAWi)  were  measured,  and  WOBphy^  calculated 
( WOBiDi  minus  WOB„„p).  The  means  and  SDs 
were  calculated,  and  data  were  analyzed  by  un- 
paired /  test  and  linear  regression.  Six  patients  (5'^) 
weie  lound  to  have  WOBkh  of  <  0.8  J/L  and  were 
successlully  extubated  without  determination  of 
WOB„„p.  Twenty-one  patients  were  found  to  have 
an  elevated  WOB  ror  ( 1 .6  ±  0.8.^  J/L).  and  had 
WOBimp  measured.  In  these  21  patients.  WOBmip 
( 1 . 1  ±  0.64  J/L)  was  twice  WOBph^,  (0.5  ±  0.26 
J/Ll.  Extubation  was  successful  In  20  of  21  pa- 
tients In  which  W()Bpiiy„  was  determined  not  to 
be  excessive  ( le,  <  0.8  J/L  I,  The  last  patient  had 
an  elevated  WOBphys  ( 1.4  J/L)  and  was  not  ex- 
tubated until  his  disease  Improved  later.  Over- 
all, relnlubatlon  rate  was 4%.  CONCLUSION: 
Increased  WOB  ror  may  be  misinterpreted  as  a 
patient  failure  (le,  tachypnea)  and  weaning  halt- 
ed or  extubation  not  done,  prolonging  Intubation. 


The  ability  to  measure  the  contribution  of 
WOB„i,p  to  WOBior  can  identify  those  patients 
who  may  be  safely  extubated  when  WOBphys 
(WOBioi  or  minus  WOB.i.ip)  Is  acceptable  and 
the  apparent  ventilatory  insufficiency  is  relat- 
ed to  sisinificant  WOB.n.i,. 


Noise  Measureini'iits  during  Hi(;h-FreqiieiK'y 
Oscillatory  and  Coiiveiilioiial  Mechanical  \  en- 
tilation— RJ  Berens,  CG.M  Weigle.  Chest  1995; 
108(4):  1026. 

OBJECTIVE:  To  evaluate  the  noise  levels  with 
high-frequency  oscillatory  ventilation  and  con- 
\enlional  mechanical  ventilation.  DESIGN:  An 
observational,  piospective  study.  SETTING:  Pe- 
diaune  Intensive  care  unit.  SUBJECTS:  The  care- 
takers and  environment  of  the  pediatric  Intensive 
care  unit.  INTERVENTIONS:  High-frequency 
oscillatory  and  conventional  mechanical  venti- 
lation. MEASUREMENTS  &  MAIN  RESULTS: 
Caretakers  evaluated  noise  using  a  visual  analog 
scale.  Noise  was  n)easured  with  a  decibel  meter 
and  an  octave  band  frequency  filter.  There  was 
tw  Ice  as  much  noise  perceived  by  the  caretakers 
and  as  measured  on  the  decibel  A  scale.  AM  mea- 
sures sln)wed  signillcantly  greater  noise,  especially 
at  low  frequencies,  with  high-fiequency  oscillatory 
ventilation.  CONCLUSIONS:  High-frequency  os- 
cillatory venlilation  exposes  the  patient  to  twice 
as  much  noise  as  does  the  use  of  conventional  me- 
chanical ventilation. 
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Cardidpulnioiian  KlTects  of  P(isiti\f  Pri;!>>urf 
\  entilation  duriii);  Acute  I-unj;  Injurj — JA  Ro- 

marid.   \V   Shi,   MR   Piii;.k>.   Chest   1995;  108 

(4l:l()41. 

STUDY  OBJECTIVES:  To  assess  the  gas  ex- 
change and  hennKi>  namic  effects  of  pressure-lim- 
ited ventilation  (PLV)  strategies  in  acute  lung  in- 
jury (ALI).  We  hypothesized  that  in  ALL  the 
reduction  of  plateau  airaay  pressure  (Pj„ )  would 
be  assixiated  u  ith  less  ah  colar  o\  erdistention  and 
thus  have  better  hemodynamic  and  gas  exchange 
characteristics  than  larger  tidal  volume  ( V  i )  ven- 
tilation. SETTING:  Laboratory.  DESIGN:  Pros- 
pective time-controlled  sequential  animal  study. 
MEASUREMENTS:  Right  atrial,  pulmonary 
;ulery.  left  auial.  anerial.  lateral  pleural  (Ppl),  and 
pencardial  ( Ppc )  pressures.  Pj„.  ventncuku  stroke 
volume,  mean  expired  CO:,  ^d  anerial  and  mixed 
venous  oxygen  contents.  Airway  resistance  and 
static  lung  compliance  were  also  measured.  IN- 
TERVENTIONS: Intermittent  positive  pressure 
ventilation  (IPPV)  given  before  (control)  and  after 
induction  of  ALI  by  oleic  acid  infusion  (U.I 
mL/kg  I.  IPPV  at  F|o,  of  I .  V j  of  1 2  mL/kg.  and 
frequency  adjusted  to  maintain  nomnK'arbia.  ALI 
PLV  was  given  during  ALI  and  defined  as  that 
V I  w  hich  ga\  e  a  similar  plateau  Pj„  to  that  of  con- 
trol IPPV.  High-frequency  jet  ventilation  (HFJV) 
and  ALI  HFJV  were  also  given  and  defined  as  fre- 
quency within  I09f  of  heart  rate  and  mean  P.,„ 
similar  to  that  duriiii:  control  IPPV.  RESULTS: 


After  .ALL  static  lung  compliance.  P^o;.  and  pH 
decreased,  whereas  airway  resistance  and  P.iC(i; 
increased.  For  a  constant  lung  volume,  Ppl  and 
Ppc  were  not  different  between  control  and  ALI. 
Both  absolute  dead  space  ( Vu)  ;md  intrapulmoiiiiry 
shunt  fraction  increased  after  ALI.  but  absolute 
Vd  was  lower  with  ALI  PLV  and  ALI  HFJV  when 
compared  with  ALI  IPPV.  Ventilation  did  not  alter 
hemodynamics  during  ALI,  CONCLUSIONS: 
Changes  in  lung  volume  determine  Ppc  and  Ppl. 
PLV  strategies  do  not  alter  hemodynamics  but  re- 
sult in  less  of  an  increase  in  Vp/Vt  than  would 
be  predicted  from  the  obligatory  decrease  in  V  i . 


About  Egophony- 

(.M:865. 


-JDSapira.  Chest  1995:108 


Egophony  is  a  change  in  timbre  (Ee  to  A)  but  not 
pitch  or  volume.  It  is  due  to  a  decrease  in  the  am- 
plitude and  an  increase  in  the  intensity  of  the  sec- 
ond fomiant.  produced  by  solid  (including  com- 
pressed lung)  interposed  between  the  resonator 
and  the  stethoscope  head.  This  explains  certain 
difficulties  in  learning  this  valuable  but  cuirently 
neglected  sign  as  well  as  in  understanding  certain 
physiologic  false-positive  occurrences. 

The  Effects  of  Applied  vs.\ulo-PEEPon  Local 
Lung  Unit  Pressure  and  \  olunie  in  a  Four-Unit 
Lung  Model — RM  Kacmarek.  M  Kirmse, 
M  Nishimura.  H  Maiig,  WR  Kimball.  Chest  1995; 
I08(4):I073, 


BACKGROUND:  The  application  of  positive  end- 
expiratory  pressure  (PEEP)  and  maintenance  of 
increased  mean  airway  pressure  (MAP)  has  been 
associated  with  improved  oxygenation  in  adult 
respiratory  distress  syndrome.  Recently,  attention 
has  been  directed  toward  elevating  M.AP  by  es- 
tablishing auto-PEEP  when  ventilating  with  an 
inverse  inspirattiiy  to  expiratory  ratio  in  opposition 
to  applied  PEEP.  Wc  theorized  that  FRC  distri- 
bution and  local  lung  unit  end-expiratory  pressure 
(EEP)  would  be  dillcrent  when  equal  levels  of 
PEEP  were  established  by  applying  PEEP  or  by 
producing  auto-PEEP.  METHODS:  Using  a  4- 
chaniber  lung  model  with  each  chamber  having 
a  different  time  constant  (TC).  we  applied  equal 
levels  of  applied  PEEP(I:E  ratio  I:.^)  and  auto- 
PEEP  (I:E  ratio  y.  I )  and  evaluated  local  lung  unit 
EEP  and  end-expiratory  lung  volume  ( EELV ).  RE- 
SULTS: Dunng  all  trials  with  applied  PEEP,  local 
lung  unit  EEP  was  equal  to  applied  PEEP,  where- 
as during  auto-PEEP  I(k;i1  EEP  differed  (p  <  O.OI ). 
At  a  tracheal  auto-PEEP  level  of  12.7  cm  H^O. 
the  lung  unit  with  the  longest  TC  (slow  lung  unit) 
had  an  EEP  of  15.8  cm  H:0.  while  the  shortest 
TC  unit  (fast  lung  unit)  had  an  EEP  of  10. 1  cm 
H;0  (p  <  0.01 ).  Similarly,  l(.x.'al  EELVs  were  more 
maldistnbuted  with  auto-PEEP  than  w ith  applied 
PEEP.  At  a  tracheal  PEEP  level  of  12.7  cm  HjO, 
the  EELV  increase  in  the  slow  lung  unit  with  auto- 
PEEP  was  1 ,054  niL  vs  9 18  with  applied  PEEP 
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The  AARC  Education  Section  is  looi<ing  for  educational  research  and  experience 
with  models  and  instructional  methods  that  may  be  useful  in  implementing  the 
recommendations  of  the  Education  Consensus  Conferences  or  other  issues  in 
respirator/  care  education.  Special  consideration  will  be  given  to  abstracts  and 
poster  presentations  that  deal  with  multiskill  curriculum  and/or  core 
curriculum. 

The  1 996  Summer  Forum,  scheduled  for  July  1  2- 1 4  in  Naples,  FL,  will  offer  two  opportunities  for 
participants  to  share  their  scholarly  activities  with  colleagues: 

1 .  Research  abstract  presentations  dealing  with  respiratory  care  education.  (Paper 
presentations  will  be  limited  to  I  5  minutes,  including  five  minutes  for  discussion.) 

2.  Poster  presentations  dealing  with  education  models,  methods,  or  materials  that  can  be 
shared  for  noncommercial  use.  (Individual  topics  and  presenters  will  be  briefly 
introduced;  additional  time  will  be  allowed  for  individual  review  of  posters  or  display 
materials  and  interaction  with  the  presenters.) 

Research  abstracts  and  poster  presentation  proposals  must  be  submitted  by  April  15,  1996, 
for  review  by  the  Education  Section  Review  Committee.  All  abstracts  and  proposals  will  be 
peer-reviewed,  and  authors  will  be  notified  of  decisions  by  May  1  5.  Questions  may  be 
directed  to  the  review  committee  chair,  Pat  Munzer. 

Proposals  must  Include  three  components: 

1 .  Cover  sheet  that  includes  the  following  information: 

a.  Type  of  presentation  (research  abstract  or  poster  presentation) 

b.  Title  of  presentation 

c.  Names,  primary  titles,  work  addresses,  and  day  telephone  numbers  of  the  authors;  the 
name  of  the  author  who  will  present  the  paper  and  receive  correspondence  should  be 
listed  first 

d.  A  statement  of  previous  presentations  or  publications  of  the  same  or  similar  work 

e.  Two  true/false  questions  with  answers 

f.  Other  informarion  required  by  funding  sources 

2.  Camera-ready  copy  (without  author  identification)  for  review  by  the  committee 

3.  Camera-ready  original  (with  author  identification)  for  possible  publication 
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Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  300  words.  The  research  abstract  should  include 
the  following: 

a.  Title  of  paper 

b.  Brief  description  of  work 

c.  Brief  statement  of  methodology  and  findings 

d.  Conclusions 

e.  Two  true/false  questions  with  answers 

A  maximum  of  two  pages  of  camera-ready  charts  and  tables  may  be  attached  to  aid  in  the 
selection  of  the  abstract. 

Poster  Presentations 

Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  1  50  words.  The  poster  presentation  abstract 
should  include  the  following: 

a.  Title  of  paper 

b.  Brief  description  of  the  model,  method,  or  material 

c.  Brief  statement  of  how  it  was  developed  and  implemented 

d.  Brief  statement  of  how  it  was  evaluated  or  judged  to  be  of  unique  value 

e.  Recommendations  for  future  application 

f.  Two  true/false  questions  with  answers 

On  a  separate  sheet,  describe  how  the  information  will  be  visually  presented  at  the  conference. 

Each  manuscript  should  be  double-checked  for  completeness  and  accuracy  before  it  is 
submitted. 

Spell  out  terms  used  for  the  first  time,  followed  by  abbreviations  in  parentheses,  e.g.,  norm- 
referenced  testing  (NRT).  Thereafter,  the  term  may  be  abbreviated  throughout. 

Please  send  the  abstract  and  cover  sheet  to: 

Pat  Munzer,  MS,  RRT,  Program  Director 

Respiratory  Therapy 

Washburn  University 

1 700  College 

Topeka,  KS  66621 

(913)  231-1010,  ext.  1284 
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(p  <  0.01 1;  whereas,  the  fast  lung  unit's  EELV  in- 
crease with  auto-PEEP  was  142  niL  compared 
with  2 1 2  niL  w ith  applied  PEEP  (p  <  0.01 ).  CON- 
CLUSION; Comparing  equal  levels  of  auto-PEEP 
with  applied  PEEP,  a  greater  maldistribution  of 
local  lung  unit  EEP  and  EELV  was  established 
with  the  auto-PEEP.  During  auto-PEEP,  the  great- 
est EEP  and  EELV  tKCurred  in  the  slow  lung  unit, 
and  the  lowest  EEP  and  EELV  developed  in  the 
fast  lung  unit. 

Nitric  Oxidf  Administrutlon  I'sing  Constant- 
Flow  \entilation— .l\\  Skunming.  S  Cassin. 
PB  Blanch.  Chest  iyy3;108l4l:  1065. 

Nitric  o.xide  (NO)  gas  is  know  n  as  both  a  saso- 
dilalor  and  a  toxin.  It  c;ui  react  w  ith  oxygen  to  fomi 
compounds  more  toxic  th;m  iLsell.  such  as  nitrogen 
dioxide  ( NO^).  The  reactions  arc  time  dependent; 
thus,  infusing  NO  into  breathing  circuits  as  close 
to  ventilated  subjects  as  possible  may  help  mini- 
mize to.xic  byproduct  exposure.  Unfortunately, 
flowrates  commonly  used  with  mechanical  ven- 
tilation favor  laminar  gas  flow  (streaming  I  with- 
in the  breathing  circuits.  Streaming  could  delay 
mixing  of  NO  with  other  inhaled  gases.  This  mix- 
ing delay  may  interfere  w  ith  accurate  monitoring 
and/or  deli\ery  of  NO.  We  tested  the  hypothesis 
tliat  streaming  of  NO  infused  by  constant  flow  into 
the  inspiratory  limb  of  a  constant  flow  mechan- 
ical ventilation  system  can  lead  to  NO  concen- 
tration delivery  estimate  enrors.  We  then  compared 
the  NO:  concentrations  at  the  ventilator  Y-piece 
with  ^  different  NO  mixing  mctliods:  blending  the 
gases  before  they  reach  the  breathing  circuit  in- 
spiratory limb,  infusing  NO  directly  into  the  breatli- 
ing  circuit  inspiratory  limb  far  enough  from  the 
Y-piece  to  ensure  thorough  mixing,  and  infusing 
NO  directly  into  the  breathing  circuit  inspirato- 
ry limb  immediately  before  the  gases  reach  an  in- 
line mixing  device  placed  close  to  the  Y-piece. 
Our  results  indicate  that  streaming  can  lead  to  NO 
concentration  delivery  estimate  errors  and  that 
these  errors  can  be  characterized  by  measuring 
NO  concentration  variations  across  the  inspira- 
tory tubing's  luminal  diameter.  NO;  concentra- 
tions measured  ;il  the  \  eiitilator  Y-piece  were  de- 
pendent on  NO  concentrations  (p  <  0.(K:)0I  ).  NO 
delivery  methods  ip  <  O.OOOI  l.  and  interactions 
between  NO  concentrations  and  NO  delivery 
methods  (p  <  0.0001).  We  conclude  that  gas 
streaming  and  toxic  byproduct  exposure  should 
be  considered  together  when  choosing  an  NO  de- 
livery method. 

Mcasurenunis  of  Morning  and  iMning  Air- 
llow  (irossly  I  ndiriMiniale  the  (  ircadian  \  ari- 
ahilit)  of  HA  i  and  I'lak  lApiralory  How  Rale 
in  Asthma — GE  D'Alonzo.  VW  Steinijans. 
A  Keller.  Am  J  Respir  Crit  Care  Med  199.1; 
l.'i2;1097. 

Peak  expiratory  flow  rate  (PEF)  or  forced  expi- 
ratory volume  in  1  s  (IT-.V'i )  monitonng  is  an  im- 


portant clinical  tool  to  assess  the  degree  of  24-hour 
\ariation  (circadian)  in  lung  function,  which  cor- 
relates with  the  degree  of  airway  hyperrespon- 
siveness.  Ideally.  PEF  measurements  should  be 
taken  frequently  during  the  24-hour  period  to  re- 
flect the  u\te  variability.  In  practice,  however,  mea- 
surements are  generally  taken  twice  dally,  usu- 
ally upon  arising  and  in  the  evening  before  bedtime. 
The  effect  of  reducing  the  frequency  of  lung  func- 
tion measurement  on  the  reported  24-hour  time 
a\erage  (nicsor)  and  the  circadian  \iuiability  were 
e\  alualed.  Four  measurements  taken  S  hours  apart 
and  2  measurements  derived  upon  arising  and  the 
other,  either  1 2  hours  later  or  before  retiring,  were 
compared  with  the  full  24-hour  lung  function  pro- 
file, which  included  L^,  2-houdy  measurements. 
Based  on  the  data  from  a  24-liour  lung  function 
study  in  20  adult  patients  with  asthma,  the  cor- 
responding \alues  were  separately  compared  at 
baseline  and  under  2  theophylline  treatments,  one 
being  administered  tw  ice  daily  and  the  other  once 
daily.  The  results  are  as  follows;  Whereas  the  24- 
hour  time  average  (mesor)  is  hardly  effected  by 
the  reduced  measurements  schemes,  variability 
was  grossly  underestimated.  Only  60-80%  of  the 
actual  variability  is  picked  up  in  the  case  of  the 
4.  S-hourly  measurements,  and  only  20-45'5  in 
the  case  of  the  2  measurements.  The  loss  of  ac- 
curacy in  assessing  24-hour  airtlow  \;iriabilil_\  has 
p<itentially  important  implications  on  clinical  prac- 
tice and  the  investigation  of  therapeutics  in  asth- 
ma. In  conclusion,  it  would  be  ideal  to  be  able  to 
perform  airtlow  measurements  every  2  hours 
around  the  clock,  but  this  is  clinically  impracti- 
cal. While  the  error  in  assessing  circadian  airtlow 
\  ariability  is  unacceplably  high  in  taking  only  2 
measurements,  it  is  reduced  to  acceptable  levels 
by  taking  4  measurements  a  day. 

Maternal  Sniokin);  during  Pregnancy :  KITeels 
on  lung  Function  during  the  First  IS  Months 
of  Life — IB  Tager.  L  Ngo.  JP  Hanrahan.  .Am  J 
Respir  Crit  Care  Med  1995;L52;977. 

The  present  investigation  evaluated  the  effects 
of  maternal  smoking  during  pregnancy  on  the 
grovMh  of  lung  function  during  the  first  IS  months 
of  life  in  1 .59  infants  w  ho  w  ere  part  of  a  longi- 
tudinal stud)  of  the  effects  of  maternal  smoking 
on  respiratory  health.  Infant  pulmonary  function 
was  assessed  at  2-6  weeks  of  age  and  at  4-6.  9- 
1 2,  and  15-18  months  of  age  by  partial  expira- 
tory tlow-volume  curves  and  helium  dilution  F"RC. 
Maternal  smoking  was  assessed  by  st;indard  ques- 
tionnaire and  urine  cotinine  measurements.  Ma- 
ternal smoking  during  pregnancy  was  associat- 
ed with  a  reduction  of  9.4  ±  4..1  iiiL  (p  =  0.029) 
for  FRC  and  }i  ±  1 23  niL/s  (p  =  0.008)  reduc- 
tion for  now  at  FRC  ( V|.Rt )  after  controlling  lor 
the  effects  of  growth  (length).  The  effect  of  ma- 
ternal smoking  was  greater  for  female  infants  than 
for  inale  infants.  At  I  year  female  infants  exposed 
in  utero  were  predicted  to  have  a  16%  reduction 
in  VjTRc  compared  w  ith  5%  for  male  infants.  No 


sex  difference  was  seen  for  FRC  or  VpRc/FRC. 
Exposure  to  environmental  tobacco  smoke  in  the 
postnatal  period  was  not  significantly  related  to 
reduced  FRC  or  Vi.rj-.  These  data  provide  fur- 
ther evidence  that  maternal  smoking  during  preg- 
nancy may  play  a  greater  role  than  postnatal  and 
childhood  exposure  on  the  observed  effects  on 
lung  function  in  children. 

l'osto|Hrativ e  Physical  Therapy  after  Coronary 
Artery  Bypass  Surgery  D  Johnsun.  C  Kclm. 
f  To,  T  Hurst.  C  Naik.  1  Uulka,  D  Thomson, 
K  East.  J  Osachoff.  I  Mayers.  Am  J  Respir  Crit 
Care  Med  I995;I52;95.1. 

Coronary  artery  bypass  surgery  is  frequently  com- 
plicated by  postoperative  atelectasis.  Although 
routinely  prescribed,  the  efficacy  of  any  specif- 
ic chest  physical  therapy  is  not  well  established. 
We  studied  patients  at  a  university  center  under- 
going elective  coronary  artery  bypass  surgery. 
Based  upon  chest  X-ray  criteria  at  extubalion.  pa- 
tients (n  =  228)  were  classified  as  demonstrating 
greater  or  lesser  degrees  of  atelecta-sis.  Tliose  w  ith 
a  lesser  degree  of  atelectasis  were  randomized  to 
receiv  e  either  early  mobilization  or  sustained  max- 
imal infiations  (SMI).  Those  with  greater  a  de- 
gree of  atelectasis  were  separately  randomized 
to  receive  either  SMI  or  single-handed  percus- 
sions (SSP).  We  found  the  extent  of  atelectasis 
at  extubation  did  not  predict  the  risk  of  developing 
pneumonia.  Hospital  stays  and  intensive  care  unit 
stays  were  similar  regardless  of  treatment.  Phys- 
ical therapy  costs  were  highest  in  the  most  labor- 
intensive  therapy  group  (SSP).  We  conclude  that 
postoperative  respiratory  dysfunction  is  common 
but  does  not  commonly  cause  significant  mor- 
bidity or  prolong  hospital  stay.  .Adding  S.Ml  to 
patients  witli  minimal  atclect;Lsis  at  extubation  does 
not  improve  clinical  outcomes.  Similariy.  adding 
SSP  to  patients  w  iih  marked  atelectasis  does  not 
improve  outcomes  over  those  obtained  with  SMI 
and  early  ambulation. 

Reference  Values  of  .Arterial  Oxygen  Tension 
in  the  Middle-Aged  and  Elderly — I  Cerveri. 
MC  Zoia.  F  Fanlulla,  L  Spagnolatti,  L  Berrayah, 
M  Grassi.  C  Tincll.  .Am  J  Respir  Crit  Care  Med 
1995;I52;9.^4. 

The  lack  of  available  reference  values  of  arteri- 
al Po...  particularly  for  elderly  persons,  led  us  to 
study  a  sample  of  194  normal  nonsmoking  sub- 
jects, equally  distributed  over  all  age  ranges  from 
40  to  90  years.  The  radial  artery  was  punctured 
and  blood  samples  vvere  taken  and  analyzed  on 
an  automated,  computerized  gas-analyzer.  The 
trend  of  the  mean  \  alues  of  P.iO;  in  the  5-year  class 
intervals  of  age  showed  a  clear  decline  up  to  the 
70-  to  74-year  class,  and  then  an  inversion.  The 
2  regression  lines  intersecting  at  this  point  pro- 
vided a  better  fit  to  the  data  than  did  a  single  re- 
gression I  i  ne  ( R;-  -  R  i  -  =  0.9 1 8  -  0.678  =  0.24; 
F  =  20.49.  p  =  0.0027 ).  The  relationship  of  P^o; 
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with  age  was  thus  subsequently  considered  for  the 
2  subgroups  (40  to  74  years;  >  75  years)  identi- 
fied on  the  basis  of  this  cutoff.  Because  of  the  sig- 
nificant influence  on  PaO;  of  age.  body-mass  index 
I  BMl  I.  and  Pjcii:  in  the  group  40  to  74  years  of 
age,  the  following  reference  equation  was  con- 
structed: PjO;  (mm  Hgl  =  143.6  -  (0.39  •  agel  - 
(0.56  BMI)  -  (0.57  P.co;);  R:  =  0.28;  SEE  = 
7.48;  p  <  0.0(X)l .  For  subjects  >  75  years  old.  for 
whom  there  was  no  correlation  with  age.  BMI. 
or  Paco:.  only  the  mean  ±SD  and  5th  percentile 
of  PaO;  were  reponed  (83.4  ±  9. 1 5  mm  Hg  and 
68.4  mm  Hg.  respectively).  Pjco;  values  were  not 
correlated  with  either  age  or  BMI;  the  mean  ±SD 
was  35.79  ±  3.87  mm  Hg.  Our  study  yields  ap- 
propriate reference  values  of  PaO;.  including  the 
lower  and  upper  limits  for  subjects  aged  4(1  to  90 
years,  that  can  be  used  routinely  in  pulmonary 
function  laboratories. 

Supplemental  Oxygen  during  Sleep  in  Children 
with  Sleep-Disordered  Breathing — CL  Marcus. 
JL  Carroll.  O  Bamford.  P  Pyzik.  GM  Loughlin. 
.^m  J  Respir  Crit  Care  Med  1995;  1 52: 1 297. 

Supplemental  O:  is  sometimes  used  to  treat  chil- 
dren with  the  obstructive  sleep  apnea  syndrome 
(OSAS ).  However,  its  effects  hav  e  not  been  stud- 
ied. We  therefore  evaluated  the  use  of  supple- 
mental Oi  during  sleep  in  children  with  OSAS. 
0.\ygen  and  room  air  were  delivered  via  nasal  can- 
nula at  I  L/min  for  4  hours  each  in  a  randomized, 
double-blind  fashion.  Twenty -three  children  were 
smdied  (mean  age.  5  ±  3  |SD]  years).  Patients  had 
a  higher  mean  S  ,n:  and  higher  SjO:  nadir  when 
breathing  O;.  There  was  no  difference  in  the  num- 
ber (10.9  ±  20.6/hours  on  O;  vs  13.5  ±  19.3  on 
room  air)  or  duration  of  obstructive  apneas.  Al- 
though there  was  no  overall  change  in  end-tidal 
Pco;  w  hen  patients  bn^athed  O:.  2  children  showed 
a  significant  increase.  We  conclude  that  breath- 
ing supplemental  O; during  sleep  in  children  with 
OSAS  results  in  improved  o.xygenation  and  in 
most  cases  does  not  exacerbate  sleep-disordered 
breathing.  However,  end-tidal  Pcq,  should  be  mon- 
itored in  children  with  OSAS  receiving  O;  ther- 
apy. We  speculate  that  suppleinental  O:  does  not 
depress  the  ventilatory  drive  during  sleep  in  most 
children  with  OSAS. 

Factors  Limiting  Exercise  Performance  in 
Long-Term  Survivors  of  Bronchopulmonary 

Dysplasia — P  Sanluz.  H  Baraldi.  P  Zaramella. 
M  Filippone.  F  Zacchello.  Am  J  Respir  Cnt  Care 
Med  1995:152:1284. 

The  long-temi  impainnent  of  pulmonary  function 
during  exercise  was  assessed  in  1 2  children,  aged 
6- 1 2  years,  who  developed  BPD  after  prematu- 
rity (gestational  age  30  ±  2  weeks  [mean  ±SD]  and 
birthweight  1 .400  ±  335  g)  and  16  age-,  sex-,  and 
physical  activity-matched  healthy  children  bom 
at  term,  who  serv  ed  as  controls.  The  children  per- 
formed pulmonary  function  tests  at  rest  and  a  max- 


imal stepwise  exea'ise  on  a  treadmill.  Oxygen  con- 
sumption (Vo;).  carbon  dioxide  output  (Vfo;).  and 
minute  ventilanon  (Vi;)  were  monitored  during 
the  run.  Baseline  mean  spirometric  values  {%  of 
predicted)  were  in  the  nomial  range  for  botli  groups 
but  were  lower  in  BPD  children  with  respect  to 
control  children  (p  <  0.05).  At  rest,  arterial  oxy- 
gen saturation  (SjoO  was  >  98%  in  all  BPD  chil- 
dren, but  at  peak  exercise.  4  of  them  had  a  SaO; 
fall  >  4''/c.  The  postexercise  FEVi  fall,  with  re- 
spect to  the  baseline,  was  8  ±  6%  in  BPD  and  2 
±  1%  in  control  children  (p  <  0.01).  Maximum 
Vo;  and  Vg  were  significantly  lower  in  BPD  chil- 
dren with  respect  to  the  control  group  (25.2  ±  10.3 
versus  37. 1  ±  10.4  mL/min/kg  and  20.8  ±  9.4  ver- 
sus 30.7  ±  7.9  L/min.  respectively,  both  p  <  0.01 ). 
Also,  at  submaximal  levels  of  exercise  dynam- 
ic, Vo;  and  Vp  resp<inses  were  significantly  lower 
in  the  BPD  group  ( ANOVA,  p  <  0.001 ).  with  a 
ventilatory  pattei'n  characterized  by  lower  tidal 
volumes.  Anaerobic  threshold  was  20.6  ±  9  in  BPD 
and  28.8  ±  8.6  n^L  OVmin/kg  in  healthy  children 
( p  <  0.05 ).  Running  time  was  6. 1  ±  1 .3  min  in  BPD 
and  7.9  ±  2.6  min  in  control  children  (p  <  0.05). 
No  difference  was  found  in  maximal  hean  rate. 
We  conclude  that  asymptomatic  school-aged  sur- 
vivors of  BPD  show  evidence  of  striking  dis- 
turbances in  ventilatory  response  to  exercise  and 
reduced  aerobic  capacity  compared  w  ith  healthy 
children,  even  if  pulmonary  function  at  rest  is  only 
slightly  impaired. 

.\lhultroI  Delivery  in  a  Model  of  .Mechanical 
\  entilation:  Comparison  of  Metered-Dose  In- 
haler and  Nebulizer  Efficiency — P  Diot. 
L  Morra,  GC  Smaldone.  Am  J  Respir  Crit  Care 
Med  1995:152:1391. 

Using  an  in  vitro  model,  we  compared  efficien- 
cies of  jet  nebulizers  and  metered-dose  inhalers 
(MDl)  with  actuator  devices  to  deliver  albuterol 
in  various  conditions  of  mechanical  ventilation. 
Factors  tested  included  intluence  of  humidification. 
MDI  actuator  device  (Aerovent'  spacer  or  Mar- 
quest  172275  MDI  adaptor),  and  synchronization 
of  MDI  to  the  respiratory  cycle.  With  the  nebu- 
lizer (AeroTech  ir  )  filled  with  2.5  mg  albuterol 
sulfate  in  3  mL  water  and  run  unfil  dry.  inhaled 
mass  was  42  ±  2.6%  and  mass  median  aerody- 
namic diameter  (MM AD)  was  1.3  /dm  on  a  non- 
humidified  circuit.  With  the  MDI  -i-  Aerovent" . 
the  mhaled  mass  percentage  per  90  ;;gm  puff  was 
1 5.4  ±  0.2<7f  with  humidification  and  25. 1  ±  3.7% 
widiout  humidification.  actuations  being  synchro- 
nized with  the  beginning  of  inspiration  and  sep- 
arated by  a  1  -minute  pause.  Failure  to  synchro- 
nize actuations  with  inspiration  or  to  pause  I 
minute  resulted  in  significant  reductions  in  inhaled 
mass  (by  35  and  72%.  respectively).  The  Marquest 
adaptor  was  less  efficient,  with  an  inhaled  mass 
of  7.2  +  0.7%  under  optimal  conditions.  Metered- 
dose  inhaler  actuation  during  expiration  result- 
ed in  relatively  large  particles  (MMAD  =  2.0pm). 
.^11  other  .MDI  actuations  led  to  essentially  bipha- 


sic  distributions,  with  particles  greater  than  I  /jni 
following  a  distribution  similar  to  the  nebulizer 
and  the  overall  MMAD  estimated  to  be  0.22  pm. 
The  AeroTech  II '  delivered  a  cumulative  1 .000 
pg  of  drug  (2.500  x  0.40)  over  40  minutes.  To 
achieve  that  amount,  the  MDI  connected  to  the 
Aerovent '  and  used  in  its  most  efficient  sequence 
would  require  45  timed  puffs  (90  pg  per  puff. 
25.1%  mean  inhaled  mass  I  and  take  45  minutes 
of  an  experienced  therapist's  time.  We  conclude 
that  nebulizers  and  MDL/spacers  can  both  be  ef- 
fective in  delivering  aerosolized  medications,  but 
drug  delivery  can  be  significantly  reduced  if  prop- 
er technique  in  setting  up  and  using  both  devices 
is  not  followed.  Physicians  and  respiratory  ther- 
apists should  be  formally  trained  in  the  principles 
of  aerosol  delivery  with  mechanical  ventilation. 

Clinical  Risk  Factors  for  Pulmonary  Baro- 
trauma: Multivariate  .Analysis — RB  Gammon. 
MS  Shin.  RH  Groves  Jr.  JM  Hardin.  C  H.su. 
SE  Buchalter.  Am  J  Respir  Crit  Care  Med  1 995: 
152:1235. 

Previous  investigations  have  suggested  thai  el- 
evated airw  ay  pressures  increase  the  risk  of  ven- 
tilator-induced pneumothorax.  However,  risk  fac- 
tor analysis  using  multivanate  techniques  has  not 
been  done.  We  investigated  the  hypothesis  that 
airway  pressures  would  not  independently  cor- 
relate with  pneumothorax  when  underly  ing  dis- 
ease was  considered.  All  ventilated  patients  over 
a  I -year  period  in  the  Hohenburg  Critical  Care 
Unit  at  the  University  of  Alabama  were  followed 
until  death  or  discharge  fiom  the  ICU.  Ventila- 
tor data  were  collected  daily  and  the  presence  of 
pneumomediastinum  and  pneumothorax  deter- 
mined by  review  of  chest  radiographs.  Maximal 
values  of  airway  pressures,  minute  ventilation,  tidal 
volume,  and  respiratory  rate,  as  w  ell  as  age,  sex, 
and  underlying  disease,  were  entered  into  logis- 
tic regression  analysis.  A  total  of  1 68  patients  was 
studied,  and  20  experienced  pneumothorax.  Multi- 
variate analysis  of  the  entire  ventilated  popula- 
tion revealed  that  only  the  presence  of  .ARDS  in- 
dependently correlated  with  pneumothorax.  A 
smiilar  analysis  pert'ormed  on  the  ARDS  popu- 
lation revealed  independent  correlation  only  with 
male  .sex.  Trends  tow  ard  elevation  in  airway  pres- 
sures were  seen  that  did  not  reach  statistical  sig- 
nificance. We  conclude  that  development  of  pneu- 
mothorax IS  most  closely  correlated  with 
underlying  disease,  specifically  ARDS.  and  that 
the  associations  previously  noted  between  airway 
pressures  and  b;irotrauma  largely  relate  to  the  oc- 
currence of  high  airway  pressures  in  .'KRDS. 

The  Physiologic  Effects  of  Inhaled  .Ampho- 
tericin B— J  Dubois.  T  Banter.  J  Gryn.  MR  Prat- 
ter.  Chest  1995:108:750. 

Our  institution  used  an  experimental  protocol  for 
the  use  of  inhaled  amphotericin  B  as  a  prophy- 
lactic measure  to  prevent  fungal  disease  in  severe- 
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ly  imniuiKiaiinpromised  patietils.  We  did  a 
prospective  study  ot"  the  physiologic  effects  of  am- 
photericin B  administration.  We  looked  specif- 
ically at  oxygen  saturation  levels,  peak  flow  val- 
ues, and  symptoms  of  patients  given  amphotericin 
B.  We  collected  data  on  a  series  of  1 8  patients  and 
of  1 32  amphotencin  B  administrations.  Four  (22';!^ ) 
of  the  patients  stopped  treatments  hecause  of  nau- 
sea and  vomiting  which  were  believed  to  he  due 
to  the  inhaled  amphotericm  B.  For  the  remaining 
patients,  no  treatment  was  stopped  because  of 
symptoins  or  physiologic  changes  caused  by  am- 
photericin B.  although  there  were  9  instances  of 
clinically  significant  bronchospasm  as  defined  by 
a  drop  in  peak  flow  of  HVi  or  more.  9  clinical- 
ly relevant  increases  in  cough,  and  3  clinically  rel- 
evant increases  in  dyspnea.  Forty-eight  percent 
of  the  clinically  relevant  changes  occurred  in  pa- 
tient 8.  Another  I6'r  occurred  in  asthmatic  sub- 
jects who  were  significantly  more  likely  (p  =  0.(B) 
to  experience  a  20%  or  more  drop  in  peak  flow 
than  were  patients  without  asthma.  The  physio- 
logic profile  of  the  response  to  inhaled  ampho- 
tericin B  is  acceptable. 

Liquid  \  eiitilation  in  Adiills.  Children,  and 
Full- Term  Neonates  -  KB  Hiisclil,  f  Pranikoff. 
PCJauger.  RJ  .Schreiner.  R  Dechert.  Rfl  Banlctt. 
Lancet  I94.'i;.346: 1201. 

We  evaluated  the  safety  and  efficacy  of  partial  liq- 
uid ventilation  in  a  series  of  19  adults,  children, 
and  neonates  who  were  in  respiratory  failure  and 
on  extracorporeal  life  support.  During  partial  liq- 
uid ventilation,  the  alveolar-arterial  oxygen  dif- 
ference decreased  from  590  (SE  2.5)  to  471  (42) 
mm  Hg  (p  =  0.0002)  and  static  pulmonary  com- 
pliance increased  from  0. 1 H  (0.(W )  to  0.29  (O.CU) 
mLcm  HiO'  kg'  (p  =  ().(KM)2).  Eleven  patients 
(."58%)  survived.  The.se  preliminary  d.ita  suggest 
that  partial  liquid  ventilation  can  be  safely  used 
in  patients  with  severe  respiratory  failure  and  may 
improve  lung  function. 

Menopause,  Postmenopausal  Kslrogen  Prepa- 
rations, and  the  Risk  of  \diill-()nsel  .\sthnia: 
A  Prospective  Cohort  Study  RJ  Troisi. 
FE  Spei/er.  WC  Willett.  D  Irichopoulos.  B  Ros- 
ner.  Am  J  Respir  Crit  Care  Med  1 995: 1 52: 1 1 8.3. 

We  prospectively  evaluated  the  association  of  hor- 
mone replacemenl  therapy  and  asthma  incidence 
in  a  cohort  of  pre-  and  postmenopausal  women 
34-68  years  of  age.  During  582. 1 35  person-years 
of  follow-up  between  I9S0  and  1990,  726  new 
cases  of  asthma  were  documented.  Postmeno- 
pausal women  who  were  never  users  of  re- 
placement homiones  had  a  significantly  lower  age- 
adjusted  risk  of  asthma  than  premenopausal 
women  (relative  risk  =  0.65:  ')5''i  confidence  in- 
terval [CI)  =  0.46  to  0.92).  Among  naturally  meno- 
pausal women,  the  age-adjusled  relative  risk  of 
asthma  for  ever  use  of  postmenopausal  homiones 
was  1.49  {95'r  CI  =  1. 10  to  2.(K));  for  current  use 


of  hormones  (conjugated  estrogens  with  or  with- 
out progesterone).  1 .50  (95'?-  CI  =  0.98  to  2.30): 
and  for  past  use.  1.52  (957f  CI  =  1.08  to  2.13). 
compared  with  never  use  of  hormones.  Ever  users 
of  10  or  more  years'  duration  had  twice  the  age- 
adjusted  risk  of  asthma  compared  with  women 
who  never  used  postmenopausal  hormones  (95% 
CI  =  1 .39  to  2.87).  Among  current  users  of  con- 
jugated estrogens,  there  was  a  positive  dose-re- 
sponse demonstrated  between  daily  dose  and  asth- 
ma nsk  ( p  for  trend  =  ().(K)7 ).  While  confirmatoiy 
studies  are  warranted,  these  data  suggest  that  es- 
u-ogen  plays  a  role  in  the  paUiophysiology  of  asth- 
ma and  that  long-term  use  and/or  high  doses  of 
postmenopausal  hormone  therapy  increase  sub- 
sequent risk  of  asthma. 

The  .Safety  of  .Air  Transportation  of  Patients 
with  .\d>anced  l-un;;  Disease:  Kxperience  with 
21  Patients  Requiring  I.ung  Transplantation 
or   Pulmonary   Thromboendarterectoniy — 

MR  Kramer.  DJ  Jakobson.  C  Spnnger.  Y  Donchin. 
Chest  1995:108:1292. 

Air  travel  can  cause  severe  respiratory  decom- 
pensation in  a  patient  with  advanced  lung  disea.se 
due  to  high  altitude  hypoxemia.  We  repoil  our  ex- 
perience in  flying  2 1  patients  with  advanced  lung 
disease  to  a  medical  center  remote  from  Israel  tor 
lung  transplantation  or  pulmonary  thromboen- 
darterectoniy (PTE).  .All  patients  had  severe  lung 
disease  with  marked  hypoxemia  (PaO;,  40  to  59) 
and  16  had  significant  pulmonary  hypertension. 
Nine  patients  (with  emphysema  and  pulmonary 
tlbrosis)  required  single  lung  transplant.  4  (with 
cystic  fibrosis  and  emphysema)  required  double- 
lung  transplant.  6  ( w  ith  pnmary  or  second;u^  pul- 
monary hypertension)  required  heart-lung  trans- 
plant, and  2  (with  major  vessel  pulmonary 
thrombosis)  required  FFE.  All  patients  were  flown 
by  commercial  aircraft  to  centers  located  2,634 
to  13,181  km  away  from  Israel.  Length  of  flight 
was  between  4  and  2 1  hours.  Patients  were  given 
owgen  supplemencilion  during  (he  flight  and  weiv 
monitored  by  poilable  oximeler-.  .All  but  3  patients 
were  hemcKlynamiciilly  stable  and  19  of  them  were 
escorted  by  physicians.  All  but  one  heniody- 
namically  unstable  p;ilicnt  who  died  on  board  ar- 
rived safely  at  their  deslin:ilions.  We  conclude  that 
with  careful  preparation,  sufficient  oxygen  stip- 
ply.  oximetric  monitoring,  and  medical  escort,  al- 
most any  patient  widi  severe  lung  disea.se  can  U"av  - 
el  by  air  to  any  necessary  destination. 

Spirometrv  and  Maximal  Respiratory  Pressure 
References  fnun  llealthv  Minnesota  ()5-  to  85- 
^ear-()ld  Wcmien  and  Men— PL  Enright. 
AH  Adams,  PIR  Boyle.  DL  .Shcmll.  Chest  1995: 
I08(3):663. 

OBJECTIVE:  To  obtain  spiroiTieu>  and  maximal 
respiratory  pressure  (MRP)  reference  values  for 
elderly  persons.  DESIGN:  Suney.  SETTING: 
General  coniniuniiv   I'  ARTICIP.ANTS:  Four  hun- 


dred sev  enty-one  healtliy  ambulatory  white  women 
and  men  age  65  -t-  years.  METHODS:  ,A  stringent 
spirometry  quality  assurance  program  exceeded 
Amencan  Thoracic  Society  recommendations.  A 
"healthy"  subgroup  of  1 76  women  and  1 1 2  men 
between  the  ages  of  65  and  85  years  were  iden- 
tified by  excluding  those  with  conditions  that  neg- 
atively influenced  FEV|  in  a  multiple  regression 
analysis.  Reference  equations  and  nonnal  ranges 
for  FEV,.  FVC.  FER5-75%.  peak  flow,  and  max- 
imal inspiratory  and  expiratory  pressures  ( MRPs) 
were  dclemuned  from  the  healthy  group  with  gixxJ 
quality  maneuvers.  RESULTS:  Less  than  l()9r  of 
the  subjects  were  unable  to  perforin  3  acceptable 
spirometry  maneuvers  and  10  MRP  maneuvers. 
When  the  age  and  height  corrected  FEViS  from 
this  group  w  ere  compared  with  other  spirometry 
lelerence  studies,  mean  values  from  the  women 
were  nearly  identical  to  those  from  Morris,  while 
these  men  h;id  substantially  lower  FEV'i  values 
(by  0.3  toO.5  1.)  than  elderiy  men  in  Crapo's  study. 
Mean  peak  tlow  was  over  20%  higher  when  com- 
pared with  previous  studies,  suggesting  greater 
initial  expiratory  effort  by  our  subjects.  The  max- 
imal inspiratory  pressure  (MIP)  values  were  about 
20%  higher  than  those  reported  by  the  Cardio- 
vascular Health  Study,  perhaps  because  5  MIP  ma- 
neuvers were  always  pert'onned.  CONCLL'SI(')N: 
Spirometry  and  MRP  relercnce  values  used  for 
elderly  patients  should  come  from  poptilation  stud- 
ies using  snuilar  techniques  and  with  large  num- 
bers of  subjects  over  age  65  \  ears.  See  ihc  rclalvtl 
cilitorial:  The  Quest  for  Normal  Values— JR  Ro- 
ihiiic.  ChcM  l<J95:l08(3):594-595. 

Inability  of  Clinical  History  to  nistin}>uish  Pri- 
mary Snoring  from  Obstructive  Sleep  Apnea 
.Syndrome  in  Children  -JL  Carroll.  S.A  Mc- 
Colley.  CL  Marcus,  S  Curtis.  GM  Loughlin.  Chesi 
1995:I08(3):6I(). 

OBJECTIVE:  Todetcniiine  whetlicr  pnniiiry  snor- 
ing (PS)  could  be  distinguished  from  childhood 
obstructive  sleep  apnea  syndrome  (OSAS)  by  clin- 
ic;il  history.  DESICiN:  Retfospective  study  of  clin- 
ical history  of  S3  children  with  snoring  and/or  sleep 
disordered  breathing  who  were  referred  for 
polysoninogriiphy.  SETTING:  Tertiary  referral 
center:  pediatric  pulmonary  sleep  apnea  clinic. 
MEASUREMENTS:  We  evaluated  the  ability  of 
a  clinical  obstructive  sleep  apnea  ( OS  A )  score  and 
other  questions  about  sleep,  breathing,  and  day- 
time svmpioms  to  distinguish  PS  from  OSAS  in 
children.  P;irents  weie  iisked  about  the  child's  snor- 
ing, difficulty  hrcilhing.  observed  apnea,  cyanosis, 
struggling  to  breathe,  shaking  the  child  to  "make 
him  or  her  breathe."  watching  the  child  sleep, 
afraid  of  apnea,  the  frequency  and  loudness  of 
snoring,  and  daytime  symptoms  such  as  exces- 
sive daytime  sleepiness  (EDS).  RESULTS:  Based 
on  polysomnography  results,  48  patients  were  clas- 
sified as  PS  and  35  as  OSAS.  Peak  end-tidal  COi 
(49  ±  3.2  vs  55  ±  8.2  |SD]  mm  Hg);  lowest  ar- 
terial oxv  gen  saturation  measured  by  pulse  oxime- 
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A  Study  of  Chronic  Ventilator 
Patients  in  the  Hospital 


Chronic  ventilator-dependent 
patients  are  costing  American 
hospitals  more  than  $9  million  per 
day  according  to  this  Gallup  study 
conducted  for  the  AARC.  This 
important  study  provides 
information  on  patients  who 
depend  on  life-support  systems; 
why,  how,  and  where  they  are  being 
treated;  and  the  cost  of  treatment. 
47  pages,  9  tables,  12  figures. 
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try  (95  ±  1.9  vs  82  +  14%);  and  apne;i/hyp(ipnea 
index  (0.27  +  0.3  vs  8.4  ±  6  evenls/hours)  indi- 
cated tliat  the  diagnostic  criteria  lor  PS  versus  OSA 
were  reasonable.  There  were  no  differences  be- 
tween PS  and  OSA  patients  with  respect  to  age. 
sex,  race,  failure  to  thrive,  obesity,  history  of  EDS. 
snoring  history,  history  of  cyanosis  during  sleep, 
or  daytime  symptoms  except  for  mouth  breath- 
ing. There  were  no  significant  differences  in  sleep 
Viiriables  between  PS  patients  and  those  with  any 
severity  of  OS  AS,  The  OSA  score  misclassitied 
about  1  of  4  patients.  ('omp;iring  PS  and  OSA  pa- 
tients, significant  findings  were  daytime  mouth 
breathing  (61  vs  85%;  p  =  0.024);  observed  apnea 
(46  vs  74%;  p  =  0.01 ,3);  shaking  the  child  (.1 1  vs 
60%;  p  =  0.0 1 );  struggling  to  breathe  (58  vs  89% ; 
p  =  0.003);  and  afraid  of  apnea  (7 1  vs  91  %;  p  = 
0.028).  However,  none  of  these  were  sufficient- 
ly discriminatory  to  predict  OSAS.  CONCLU- 
SION: We  conclude  that  PS  in  children  cannot 
be  reliably  distinguished  from  OSAS  by  clinical 
history  alone. 

Kvaluution  of  Carbon  Dioxide  Kihreathing 
during  Pressure  Support  Ninlilalion  uilh  Air- 
way Management  .System  (ISIPAP)  Devices — 

p  Lofaso.  L  Brocharil.  D  Toiichaid.  T  Hang. 
A  llaiT.  n  Isabcv.  Chest  1  W.'i;l08:772. 

Tlic  purpose  of  this  study  was  to  evaluate  whether 
carbon  dioxide  (CO^)  rebreathing  occurs  in  acute 
respiratory  failure  patients  ventilated  using  the 
st;indard  airway  management  system  (BiPAP  pres- 
sure support  ventilator;  Respironics;  Murrysville 
PA)  with  positive  inspiratory  airway  pressure  and 
a  minimal  level  of  positive  end-expiratory  pres- 
•sure  (PKEP)  and  whether  any  COi  rebreathing 
may  be  efficiently  prevented  by  the  addition  of 
a  nonrebreathing  valve  to  the  BiPAP  system  cir- 
cuit. In  the  first  part  of  the  study,  the  standard  de- 
vice was  tested  on  a  lung  model  with  a  nonre- 
breathing valve  ( BiPAP-NR V )  and  with  the  usual 
Whisper  .Swivel  connector  (BiPAP-uc).  With  the 
BiPAP-uc  device,  the  resident  volume  of  expired 
air  in  the  inspiratory  circuit  at  tlie  end  of  expiration 
(RVF.A)  was  55%  of  the  tidal  volume  (Vt)  when 
the  inspiratory  pressure  was  10  cm  H^Oand  the 
frequency  was  at  15  cycles  per  minute.  The 
BiPAP-NRV  device  efficiently  prevented  CO; 
rebreathing  but  resultetl  in  a  slight  decrease  in  V] . 
which  was  due  to  a  significant  increase  in  external 
PEEP  (2.4  vs  1 .3  cm  H2O)  caused  by  the  addi- 
tional expiratory  valve  resistance.  For  similar  rea- 
sons, both  the  pressure  swing  necessary  to  trig- 
ger pressure  support  and  the  imposed  expiratory 
work  were  increased  in  the  lung  model  when  the 
nonrebreathing  \  alve  was  used.  In  the  second  piul 
of  the  stuily.  7  patients  weaned  from  mechanical 
ventilation  were  investigated  using  a  randomized 
crossover  design  to  compare  3  situations:  pres- 
sure support  ventilation  w  ith  a  conventional  in- 
tensive care  ventilator  (CIPS).  BiPAP  system  use. 
and  BiPAP-NRV.  When  we  compared  the  BiPAP 
svstem  use  « ith  the  other  2  svstcms.  we  observed 


no  significant  effect  on  blood  gases  but  found  sig- 
nificant increases  in  V j.  minute  ventilation,  and 
work  of  breathing.  'ITicse  findings  are  experimental 
and  are  clinical  evidence  that  significant  CO:  re- 
breathing occurs  with  the  standard  BiPAP  sys- 
tem. This  drawback  can  be  overcome  by  using 
a  nonrebreathing  valve,  but  only  at  the  expense 
of  greater  expiratory  resistance. 

Vohime-Cnnlrolled  hnerse  Ratio  Ventilation 
in  Oleic  Acid  Induced  I  iiiig  Injur) :  KfTeets  i>u 
(;as  Kxchange,  HenuMl>  iianiics,  and  Computed 
romographic  l.ung  Density  U  1  udwigs. 
C  Klingstedt.  S  Bachrendt/.  G  Wegcnius. 
G  Hedenstierna.  Chest  1995:108:804. 

OBJECTIVE:  To  compare  volume-controlled  in- 
verse ratio  ventilation  (VCIRV)  with  volume-con- 
trolled ventilation  with  conventional  inspirato- 
ry to  expiratory  ( l:E)  ratio  (VCV  PEEP)  at  equal 
levels  of  end-expiratory  pressure.  DESIGN:  An- 
imal study  using  an  oleic  acid  lung  injury  model 
with  random  application  of  VCV  PEEP  and 
VCIRV.  SETTING:  Experimental  investigation 
at  the  Department  of  Clinical  Physiology  at  Upp- 
sala University.  ANIMALS;  Seven  pigs.  INTER- 
VENTIONS: VCV  PEEP.  VCIRV  at  an  end-ex- 
piratory pressure  level  of  10  cm  HiO. 
MEASUREMENTS  &  RESULTS:  Lung  me- 
chanics, hemodynamics,  gas  exchange,  and  func- 
tional residual  capacity.  Recruitment  of  lung  tis- 
sue, regional  lung  density,  and  distribution  of 
inspired  gas  by  computed  tomography.  Mean  and 
peak  airway  pressures  were  22  ±  4  and  41  ±  8  cm 
H:0  with  VCIRV  and  1 8  ±  2  and  45  ±  7  cm  H:0 
with  VCV  PEEP.  Cardiac  output  and  arterial  oxy- 
gen tension  were  equal  with  VCV  PEEP  and 
VCIRV  as  were  static  compliance,  physiologic 
dead  space,  and  functional  residual  capacity.  End- 
expiratory.  end-inspiratoiA .  and  CT  densities  dur- 
ing a  Cull  ventilatory  cycle  were  not  statistical- 
ly different  and  the  amounts  of  nonaeraled  and 
poorly  aerated  lung  areas  were  of  equal  size  with 
VCV  PEEP  and  VCIRV.  CONCLUSIONS: 
VCIRV  was  comparable  to  VCV  PEEP  at  sim- 
ilar PEEP  levels  in  alveolar  recruitment,  aeration 
of  the  lung  tissues,  and  in  oxygenating  the  blood. 
Since  cardiac  output  also  remained  unchanged, 
oxygen  delivery  to  peripheral  tissues  did  not  dif- 
fer significantly  between  the  2  modes.  Neither 
method  has  thus  pio\  eil  superior  to  the  other  one. 

Elfeel  of  Kouline  Ijnergenc)  Department 
Triage  Pulse  Oximetry  Screening  on  Medical 
Management — WR  Mower.  C  Sachs.  EL  Nick- 
Im.  P  S.iki.  LJ  Barafi.  Chest  1995; 1 08(5):  1297. 

PURPOSE:  To  determine  the  utility  of  routine 
triage  pulse  oximetry  screening  in  emergency  de- 
partment lED)  patients.  DESIGN:  Prospective 
study  using  pulse  oximetry  to  measure  oxygen  sat- 
uration of  ED  patients  at  triage.  Saturation  val- 
ues were  disclosed  to  physicians  only  after  they 
completed  medical  evaluations  and  were  ready 


to  discharge  or  admit  each  patient.  We  measured 
changes  in  medical  management  initiated  after  dis- 
closure of  pulse  oximetry  \alues.  SETTING  & 
PARTICIPANTS:  The  study  included  14.059  con- 
secutive patients  presenting  to  triage  at  a  university 
ED.  MEASUREMENTS:  Changes  in  select  di- 
agnostic tests;  chest  radiography,  CBC  count, 
spiroinetry.  arterial  blood  gases,  pulse  oximetry, 
and  ventilation-perfusion  scans;  treatments:  an- 
tibiotics. /}-agonisls.  supplemental  oxygen;  and 
hospital  admission  aiui  final  tliagnoses  that  oc- 
curred after  disclosure  of  triage  pulse  oximetry 
values.  RESULTS:  Of  1.175  patients  having  triage 
pulse  oximetry  values  less  than  95%.  physicians 
ordered  repeat  pulse  oximetry  on  159  (13.5%). 
additional  chest  radiography  on  5.4%.  CBC  count 
on  3. 1  %.  arterial  blood  gases  on  2.9%.  spirom- 
etry on  0.9%.  and  ventilation-perfusion  scans  on 
0.3%.  Physicians  ordered  1 78  new  therapies  on 
1 34  patients  ( 1 1 .4%  I.  including  supplemental  oxy- 
gen for  6.5%.  antibiotics  for  3.9%.  and  /i-agonists 
for  1.8%.  Thiny-five  patients  (3.0%)  initially 
scheduled  for  hospit;il  ilischarge  were  subsequenlly 
atlmitted.  Physicians  changeil  or  added  diagnoses 
in  77  patients  (6.6%).  CONCLUSIONS:  Providing 
physicians  with  routine  triage  pulse  oximetry  mea- 
surements resulted  in  significant  changes  in  med- 
ical Irealnient  of  these  patients. 

Varying  Nicotine  Patch  Dose  and  Type  of 
.Smoking  Cessation  I'oiniseling  -Dli  Joienby. 
SS  Smith.  MC  Fiore.  RD  Hurl.  KP  Olford. 
IT  Croghiui.  JT  Hays.  SF  Uwis.  TB  Baker.  JAMA 
1995;274(17|:l.347. 

OBJECTIVE:  To  compare  the  efficacy  and  safe- 
ty of  22-mg  and  44-mg  doses  of  transdermal  nico- 
tine therapy  when  it  is  paired  with  minimal,  in- 
dividu;il.  or  group  counseling  to  improve  smoking 
cessation  rates.  DESKiN:  An  S-week  clinical  trial 
|4  weeks  double-blind  followed  by  4  weeks  open 
label)  using  random  assignment  of  participants 
to  both  dose  (22  or  44  mg)  and  counseling  (min- 
imal, individual,  or  group)  conditions.  PARTI- 
CIPANTS: Daily  cigarette  smokers  (>  15  cigarenes 
per  day  for  at  least  1  year)  who  volunteered  to  par- 
ticipate in  a  study  of  smoking  cessation  treatment, 
A  total  of  504  participants  were  enrolled  at  2  sites. 
INTI-RVENTION:  Four  weeks  of  22- or  44-mg 
Iransdemial  nicotine  therapy  followed  by  4  weeks 
of  dosage  reiluclion  ( 2  weeks  of  22  mg  followed 
by  2  weeks  of  1 1  mg).  Counseling  consisted  of 
a  self-help  pamphlet  (minimal);  a  self-help  pam- 
phlet, a  brief  physician  motivational  message,  and 
3  brief  l<  1 5  minutes)  follow-up  visits  with  a  nurse 
(individual);  or  the  pamphlet,  the  motivational  mes- 
sage, and  8  weekly  1  -hour  group  smoking  ces- 
sation counseling  visits  (group).  All  participants 
returned  weekly  to  turn  in  questionnaires  and  for 
assessment  of  their  smoking  status.  MAIN  OUT- 
COMl-  MEASURI-S:  Abstinence  from  smoking 
was  based  on  self-report,  eonfimicd  by  an  expired 
carbon  monoxide  concentration  lower  than  10 
ppm.  Wiihdniwal  severity  was  assessed  by  means 
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of  an  8-item  self-report  questionnaire  complet- 
ed daily.  RESULTS;  Smoking  cessation  rates  for 
the  2  nicotine  patch  doses  and  3  levels  of  coun- 
seling did  not  differ  significantly  at  either  8  weeks 
or  26  weeks  following  the  quit  date.  Among  those 
receiving  minimal  contact,  the  44-mg  dose  pro- 
duced greater  abstinence  at  4  weeks  than  did  the 
22-mg  dose  (68'^r  vs  4.^%;  p  <  0.01 ).  Participants 
receiving  minimal-contact  adju\  ant  treatment  were 
less  likely  to  be  abstinent  at  the  end  of  4  weeks 
than  those  receiving  individual  or  group  counseling 
(56%  vs  67%;  p  <  0.05).  The  44-mg  dose  de- 
creased desire  to  smoke  more  than  the  22-mg  dose, 
but  this  effect  was  not  related  to  success  in  quit- 
ting smoking.  Transdermal  nicotine  therapy  at 
doses  of  44  mg  produced  a  significantly  greater 
frequency  of  nausea  ( 28'/r ).  vomiting  ( 1 0'J  l.  and 
erythema  with  edema  at  the  patch  site  {MY/< )  than 
did  a  22-mg  dose  ( 10%.  2%.  and  1.^%,  respec- 
tively; p  <  0.01  for  each  adverse  effect).  Three  se- 
rious adverse  events  occuned  during  use  of  the 
44-mg  patch  do.se.  CONCLUSIONS:  There  does 
not  appear  lo  be  any  general,  sustained  benefit  of 
initiating  transdermal  nicotine  therapy  w  ith  a  44- 
mg  patch  dose  or  of  providing  intense  adjuvant 
smoking  cessation  treatment.  The  2  doses  and  all 
adjuvant  treatments  produced  equivalent  eflects 
at  the  26-week  follow-up,  and  the  higher  patch 
dose  produced  more  adverse  effects.  Higher-dose 
(44-mg)  nicotine  replacement  does  not  appear  to 
be  indicated  for  general  clinical  populations,  al- 
though it  may  provide  short-term  benefit  to  some 
smokers  attempting  to  quit  with  minimal  adjuvant 
treatment.  See  the  relareJ  edhoricil:  TrealmeiU 
of  Nicotine  Dependence — Is  More  Better? — ./A' 
HuKhes.  JAMA  IW_\:74( I7j:/ tW-IJ'^/ . 

High-Dose  Nicotine  Patch  Therapy:  Percent- 
age of  Replacement  and  Smoking  Cessation — 

LC  Dale,  RD  Hurl.  KP  Ollord.  GM  Law  son. 
IT  Croghan,  DR  Schroeder.  JAMA  1995;274 
(17);  1353. 

OBJECTIVE;  To  assess  the  level  of  nicotine  re- 
placement, evidence  of  nicotine  toxicity,  and 
w  ithdraw  al  symptom  relief  w  ith  placebo  and  1 1  -, 
22-,  and  44-mg/d  doses  of  transdermal  nicotine. 
A  secondary  objective  was  to  assess  short-  and 
long-term  smoking  cessation  rates.  DESIGN: 
Randomized,  double-blind,  placebo-controlled 
inpatient/outpatienl  trial.  SUBJECTS:  Seventy- 
one  cigarette  smokers  stratified  according  to  light 
(n  =  23),  moderate  (n  =  24).  and  heavy  (n  =  24) 
smoking  rates.  INTERVENTIONS;  After  base- 
line measures  were  obtained,  subjects  were  ran- 
domly assigned  to  placebo  or  an  1 1  -.  22-,  or  44- 
mg/d  dose  of  transdermal  nicotine  and  admilled 
10  a  special  hospital  unit  for  intensive  inpatient 
treatment  of  nicotine  dependence.  During  the  6- 
day  inpatient  stay,  daily  nicotine  and  cotinine  lev- 
els were  determined  from  trough  and  peak  blood 
samples.  Outpatient  patch  therapy  continued  for 
7  weeks  following  the  hospital  stay,  and  those 
initially  assigned  lo  placebo  were  randomly  as- 


signed to  1 1  or  22  mg/d.  At  week  4,  the  dosage 
of  those  initially  assigned  lo  -14  mg/d  was  reduced 
to  22  mg/d.  MAIN  OUTCOME  MEASURES; 
Percentage  of  replacement  of  cotinine  was  cal- 
culated by  dividing  the  steady-state  levels  attained 
during  patch  therapy  by  the  corresponding  base- 
line levels.  Abstinence  from  smoking  was  ver- 
ified by  expired  air  ciubon  monoxide.  Withdrawal 
symptoms  and  nicotine  toxicity  were  assessed 
daily  through  questionnaires  during  the  inpallcnl 
stay.  Follow-up  visits  were  at  3,  6,  9,  and  12 
months.  RESULTS;  There  was  a  statistically  sig- 
nificant relationship  between  baseline  smoking 
rate  and  baseline  trough  and  peak  blood  cotinine 
levels  (r^  =  0.39.  r,  =  0.45;  p  <  O.OOI  in  both  in- 
stances). A  dose-response  relationship  was  ob- 
served with  higher  patch  doses,  which  produced 
a  higher  percentage  of  cotinine  replacement  and 
better  withdrawal  syniploni  relief.  Only  one  sub- 
ject (a  light  smoker  assigned  to  the  44-mg  dose) 
developed  signs  of  nicotine  toxicity.  There  was 
a  posiuve  association  between  the  week  2  patch 
dose  and  the  biochemically  continued  abstinence 
at  the  end  of  patch  therapy  (p  =  0.007)  but  not 
for  subsequent  follow-up  times.  A  higher  per- 
centage of  cotinine  replacement  was  associat- 
ed with  the  higher  8-week  smoking  abstinence 
rale  (p  =  0.03),  an  association  not  found  al  long- 
lenii  follow-up.  CONCLUSION;  A  44-mg/d  dose 
of  nicotine  patch  therapy  appears  to  be  safe  for 
use  in  heavy  smokers.  Cigarette  smoking  rates 
can  be  used  to  estimate  the  initial  nicotine  patch 
dose.  Monitoring  blood  cotinine  levels  at  base- 
line and  steady  state  can  be  used  for  assessing 
the  adequacy  of  nicotine  replacement.  With- 
drawal symptom  relief  can  be  improved  with 
more  complete  nicotine  replacement.  Achiev- 
ing a  greater  percentage  of  nicotine  replacement 
may  increase  the  efficacy  of  nicotine  patch  ther- 
apy. See  the  related  editorial:  Treatment  oj  Nico- 
tine Dependence — Is  More  Better?— JR  Hiii;li- 
es.  JAMA  IW5:274(I7):I390-I39I. 

Prospective  Validation  of  an  Acute  Respira- 
tory Distress  Syndrome  Predictive  Score — 

JE  Heffner,  LK  Brown,  CA  Barbieri,  KS  Harpel, 
J  DeLeo.  Am  J  Respir  Crit  Care  Med  1995; 
152:1518. 

We  derived  an  Acute  Respiratory  Distress  Syn- 
drome Score  (ARDS  Score)  from  previously  de- 
scribed training  set  data.  To  validate  its  diagnostic 
accuracy  for  identifying  a  complicated  course 
(early  death  or  prolonged  intubation)  in  acute  lung 
injury,  50  patients  were  prospectively  scored  using 
an  ARDS  Score  decision  threshold  of  >  2.5  to  dis- 
criminate between  an  uncomplicated  (successful 
extubation  after  <  1 4  d;iys)  and  complicated  coui"se. 
Predictor  factors  incorporated  in  the  ARDS  Score 
were  collected  on  Day  4  and  Day  7  of  ARDS  and 
included  PaOj/PAOi  ratio,  required  positive  end- 
expiratory  pressure  (PEEP),  and  chest  radiograph 
progression.  The  diagnostic  accuracy  of  the  .ARDS 
Score  for  detemiining  a  complicated  course  as  well 


as  overall  survival  was  compared  with  3  other 
available  indices.  Using  receiver  operating  char- 
acterfstic  (ROC)  analysis,  the  ARDS  Score  and 
Lung  Injuiy  Score  (LIS)  had  the  greatest  diagnostic 
accuracy  for  determining  a  complicated  course, 
but  the  Simplified  Acute  Physiology  Score  (SAPS 
Score)  (score  >  14)  more  accurately  identified  .sur- 
vival. The  LIS  components  of  static  respiratory 
system  compliance  (C|^)  and  chest  radiograph  de- 
scription did  not  differ  between  patient  groups. 
The  interobserver  concordance  of  the  dynamic 
chest  radiograph  interpretation  included  in  the 
ARDS  Score  was  significant  (p  <  0.05).  We  con- 
clude that  the  previously  derived  ARDS  Score  has 
valid  diagnostic  accuracy  for  identifying  patients 
with  ARDS  who  will  follow  a  complicated  course. 

.\rterial  Oxygen  Saturation  in  Tibetan  and  Han 
Infants  Born  in  Lhasa.  Tibet — S  Niermeyer. 
P  'I'ang.  Shaiimiiia.  Dnilkiu.  J  Zhuang.  LG  Moon3. 
N  Engl  J  Med  1995:333:1248. 

BACKGROUND:  Reduced  oxygen  availability 
at  high  altitude  is  a.ssociated  with  increased  neona- 
tal and  infant  mortality.  We  hypoUiesized  that  na- 
tive Tibetan  infants,  whose  ancestors  have  in- 
habited the  Himalayan  Plateau  for  approximately 
25,000  years,  are  belter  able  to  maintain  ;idet|uate 
oxygenation  at  high  altitude  than  Han  infants, 
whose  ancestors  moved  to  Tibet  from  lowland 
areas  of  China  after  the  Chinese  military  entered 
Tibet  in  1 95 1 .  METHODS:  We  compared  arte- 
rial oxygen  saturation,  signs  of  hypoxemia,  and 
other  indexes  of  neonatal  well-being  at  binh  and 
during  the  first  4  months  of  life  in  1 5  Tibetan  in- 
fants and  1 5  Han  infants  at  3.658  miles  above  sea 
level  in  Lhasa.  Tibet.  The  Han  mothers  had  mi- 
grated from  low  land  China  about  2  years  previ- 
ously. A  pulse  oximeter  was  placed  on  each  in- 
fant's foot  to  provide  measurements  of  arterial 
oxygen  saturation  distal  to  the  ductus  arteriosus. 
RESULTS;  The  2  groups  had  similar  gestation- 
al ages  (about  38.9  weeks)  and  Apgar  scores.  The 
Han  infants  had  lower  birthweights  (mean  l±SE|. 
2.773  ±  92  g)  than  the  Tibetan  infants  (3.067  ± 
107  g).  higher  concentrations  of  cord-blood 
hemoglobin  ( 1 8.6  ±  0.8  g  per  deciliter,  vs  16.7  + 
0.4  in  the  Tibetans),  and  higher  hematocrit  val- 
ues (58.5  ±2.4<;h  vs  51.4  ±  1.2'7f  m  the  Tibetans). 
In  both  groups,  arterial  oxygen  saturation  was  high- 
est in  the  first  2  days  after  birth  and  was  lower 
when  the  infants  were  asleep  than  when  they  were 
awake.  Oxygen  saturation  values  were  lower  in 
the  Han  than  in  the  Tibetan  infants  at  all  times  and 
under  all  conditions  during  all  activities.  The  val- 
ues declined  in  tlte  Han  infants  from  92  ±  3%  while 
they  were  awake  and  90  ±  5'/r  during  quiet  sleep 
at  birtli  to  85  ±  4'/f  while  awake  and  76  ±  5%  dur- 
ing quiet  sleep  at  4  months  of  age.  In  the  Tibetan 
infants,  oxygen  saturation  values  averaged  94  ± 
2%  while  they  were  awake  and  94  ±  3%  during 
quiet  sleep  at  birth  and  88  ±  2%  while  awake  and 
86  ±  5%  during  quiet  sleep  at  4  months.  Han  in- 
fants had  clinical  signs  of  hypoxemia —  such  as 
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cyanosis  during  sleep  and  while  feeding — more 
frequently  than  Tibetans.  CONCLUSIONS:  In 
Lhasa.  Tibet,  we  found  that  Tilx'tan  new  boms  had 
higher  arterial  oxygen  saturation  at  birth  and  dur- 
ing the  first  4  months  of  life  than  Han  newborns. 
Genetic  adaptations  may  permit  adequate  oxy- 
genation and  confer  resistance  to  the  syndrome 
of  pulmonary  hypertension  and  right-heart  fail- 
ure {subacute  infantile  mountain  sickness). 

Cognitive  Function  and  Assessment  of  Lung 
Function  in  the  Flderiy — N  Carvalhaes-Neto, 
H  Loruio.  C  Galhnari.  S  liscolano.  A  Mallet, 
F  Zerah.  A  Harf.  I  Macquin-Mavier  Am  J  Respir 
CritCareMed  I995;152:I6II. 

The  feasibility  of  spirometry  or  respiratory 
impedance  measurements  for  assessing  lung  func- 
tion in  the  elderly  was  compared  in  208  institu- 
tionalized patients  with  various  degrees  of  cog- 
nitive function  imp;iiniient.  Respiratory  impedance 
was  detemiined  by  the  lorccd  oscillation  technique. 
Cognitive  function  was  assessed  by  the  score  for 
the  mini-mental  state  (MMS )  examination.  Of  the 
208  patients.  1 26  had  .severe  cognitive  impairment 
(MMS  <  1 7).  36  had  mild  impaimient  ( 1 8  <  MMS 
<  2?>).  and  46  had  no  impairment  (MMS  >  24). 
Of  the  208  patients,  respiratory  impedance  mea- 
surements were  possible  in  1 59.  w hereas  in  only 
85  was  spirometry  possible.  The  overall  differ- 
ence between  the  feasibility  rates  for  the  spiro- 
metric  and  respiratory  impedance  measurements 
was  highly  significant  (/-  =  7 1 .4;  p  <  1 0^).  The 
difference  between  the  feasibility  rates  for  the  2 
techniques  wa.s  higher  in  the  group  of  subjects  with 
severe  cognitive  impairment  than  in  the  groups 
with  mild  impairment  and  no  impairment,  re- 
spectively. Among  the  84  patients  able  to  com- 
plete botli  tests,  significant  correlations  were  found 
between  the  spiromeffic  and  respiratorj-  impedance 
measurements.  These  results  indicate  that  res- 
piratory impedance  measurement  seems  a  more 
useful  tcml  than  spirometry  for  assessing  lung  func- 
tion in  elderly  pafients  whenever  cognitive  func- 
tion is  impaired. 

Exertional  Oxygen  of  Limited  Benefit  in  Pa- 
tients with  Chronic  Ohslnictive  I'lilnionary  Dis- 
ease and  Mild  Hypoxemia  -CI  McDonald. 
CM  Blyth.  MD  Lazarus.  I  Marschner.  CF.  Barter. 
Am  J  RespirCrit  Care  Med  1995:152:1616. 

It  is  unclear  whether  short-term  benefits  from  sup- 
plemental oxygen  translate  into  improved  qual- 
ity of  life  in  patients  with  severe  COPD.  In  a  12- 
wcek  double-blind  randomized  crossover  study. 


we  assessed  the  effects  of  supplemental  air  and 
oxygen  on  exercise  performance  (step  tests  and 
6-minute  walking  distance  |6MWD| )  initially  and 
after  2.  6- week  periods  at  home  using  exertion- 
al cylinder  air  or  oxygen.  We  measured  quality 
of  life  at  baseline  and  after  the  2,  6-week  domi- 
ciliary periods.  The  26  patients  (24  males)  had  a 
mean  age  of  73  ±  6  years;  mean  FE V  i .  0.9  ±  0.4 
L:  mean  Dlco.  10.6  ±  2.4  mUmin/mm  Hg:  mean 
resting  Po;.  69  +  8.5  (range  58  to  82)  mm  Hg: 
mean  Pco.-  41  ±3.3  mm  Hg:  and  mean  resting 
SjO;.  94  ±  2. 1  (mean  +  SD ).  Laboratory  tests  were 
perfomied  breathing  intranasal  air  or  oxygen  at 
4  L/min,  and  measurements  were  made  of  SjO: 
and  Borg  dyspnea  scores.  Supplemental  oxygen 
increased  6MWD  and  steps  by  small,  statistically 
significant  increments  acutely  at  baseline  and  after 
6  and  12  weeks,  without  corresponding  falls  in 
Borg  score.  Degree  of  desaturation  at  baseline  did 
not  correlate  with  increase  in  6MWD  or  steps 
achieved  at  baseline  or  at  6  or  12  weeks,  nor  with 
the  domiciliary  gas  used.  There  was  no  difference 
in  6MWD  or  steps  achieved  while  breathing  sup- 
plemental oxygen  after  6  weeks  of  domiciliarv' 
oxygen  compared  with  domiciliary  air.  Small  im- 
provements in  quality  of  life  indices  were  found 
after  domiciliary  oxygen,  and  mastery  also  im- 
proved after  domiciliary  air.  There  were  no  dif- 
ferences in  quality  of  life,  however,  when  domi- 
ciliary oxygen  wa.s  compitred  witli  domiciliary  air. 
Although  oxygen  supplementation  induced  small 
acute  increments  in  laboratory  exercise  perfor- 
mance, such  improvements  had  little  impact  on 
the  patients'  daily  lives. 

Changing  Heat  and  Moisture  Exchangers 
Every  48  Hours  Rather  than  24  Hours  Does  Not 
Affect  Iheir  Kflicacy  and  the  Incidence  of  Noso- 
comial Pneumonia — K  Djedaini.  M  Billiard. 
1.  .Mier.  G  Le  Bourdelles.  P  Brun.  P  Markowicz. 
P  Estagnasie.  F  Coste.  Y  Boussougant.  D  Drey- 
fuss.  Am  J  Respir  Cnt  Care  Med  1995:152:1562. 

Heat  and  moisture  exchangers  (HME)  (Dar-Hy- 
grobac  II.  Peters)  can  safely  be  used  every  24 
hours  for  Icmg-term  mechanical  ventilation  and 
provide  a  cost-saving  alternative  to  heated  hu- 
midifiers. We  have  prospectively  determined 
w  hether  changing  H.MEs  every  48  hours  onl>  af- 
fects their  clinical  and  bacteriological  efficien- 
cy in  a  series  of  consecutive  nonselected  ICU  pa- 
tients requiring  long-term  mechanical  ventilation. 
Two  consecutive  periods  were  compared.  Dur- 
ing period  I .  HMEs  were  replaced  every  day;  dur- 
ing period  2.  they  w  ere  changed  every  48  hours. 
Patients  from  the  2  periods  were  similar  in  terms 


of  age  and  indication  for  and  overall  duration  of 
MV  (I0±8.6vs  10  ±  9  days.  p  =  0.9).  Minute 
ventilation  and  maximum  values  for  peak  airway 
pressure  were  identical  during  the  2  periods.  These 
values  were  also  identical  after  I  and  2  days  of 
HME  use  during  period  2.  indicaring  that  HME 
resistance  was  not  increased  by  prolonged  use. 
Obstruction  of  the  tracheal  tube  occurred  only  once 
in  a  period  1  patient.  The  results  of  quantitative 
cultures  indicate  that  the  maximum  and  mean  lev- 
els of  bacterial  colonization  during  the  2  periods 
were  similar  for  the  phiu-ynx.  trachea.  Y-connector. 
patient,  and  ventilator  side  of  the  HME.  More  im- 
portantly, the  incidence  of  nostx'omial  pneumonia 
was  similar  during  the  2  periods  (6/61  versus  8/68. 
p  =  0.7).  Thus,  prolonged  HME  use  is  safe  and 
provides  a  substantial  reduction  in  the  cost  of  me- 
chanical ventilation. 

Contribution  of  the  Respiratory  Muscles  to  the 
Lactic  Acidosis  of  Heavy  Exercise  in  COPD — 
MPKJ  Engelen.  R  Casaburi.  R  Rucker.  E  Ca- 
nthers.  Chest  1995:108:1246. 

Patients  with  COPD  usually  are  limited  in  their 
exercise  tolerance  by  a  limited  ventilatory  capacity. 
Lactic  acidosis  induced  by  exercise  increases  the 
stress  on  the  ventilatory  system  due  to  CO:  gen- 
erated by  bicarbonate  butfering  and  hydrogen  ion 
stimulation.  Patients  with  COPD  are  often  ob- 
ser\ed  to  increase  blood  lactate  levels  at  low  lev- 
els of  exercise.  We  wished  to  determine  whether 
patients  with  COPD  who  experience  lactic  aci- 
dosis do  so  because  of  respiratory  muscle  pro- 
duction of  lactate.  Eight  pafients  with  moderate 
to  severe  COPD  (FEV|  =43.5±  1 1.6%  predict- 
ed) and  5  healthy  subjects  performed  10  minutes 
of  moderate  constant  wcirk  rate  exercise  either 
breathing  spontaneously  or  volitionally  increas- 
ing their  ventilation  for  5  minutes  to  approximate 
the  peak  minute  ventilation  seen  during  incre- 
mental exercise.  During  volitional  increased  ven- 
tilation. 3%  CO2  was  added  to  the  inspirate  to  pre- 
vent alkalosis  and  hypocapnia.  In  neither  the 
healthy  subjects  nor  the  COPD  group  was  the  end- 
exercise  lactate  level  significantly  higher  during 
volitional  ventilation  increase  than  dunng  spon- 
taneous ventilation.  Further,  in  the  COPD  patients, 
the  blood  lactate  levels  during  volitional  venti- 
lation increase  were  much  lower  than  during  max- 
imal exercise  (averaging  2.4  vs  5.3  mmol/L)  de- 
spite similar  ventilation  levels  {averaging  50  and 
53  I7min).  We  conclude  that  it  is  unlikely  that  the 
respiratory  muscles  have  an  important  influence 
on  the  blood  lactate  level  elevation  seen  during 
maximal  exercise  in  COPD  patients. 


18 


Respir.a^tory  Care  •  January  "96  Vol  41  No 


Editorials 


Respiratory  Care — W\w  Needs  It? 
A  Personal  View 

Da\id  J  Pierson  MD 


Introduction 

With  this  issue  RESPIRATORY  CARE  celebrates  40  years 
of  publication — and,  there  is  a  lot  to  celebrate.  I  would  like 
to  explain  why  I  think  this  is  true,  based  on  my  personal  ob- 
servations as  a  reader  of  and  contributor  to  tlie  Journal  for  more 
than  half  of  those  40  years. 

What  Does  This  Have  To  Do  with  Me? 

My  own  involvement  with  Re.SPIRATORY  Care  began  in 
the  eaily  1970s,  when  as  a  pulmonary  fellow  I  was  introduced 
to  Phil  Kittredge  at  an  American  College  of  Chest  Physicians 
meeting  by  Tom  Petty,  my  mentor.  Shortly  thereafter  1  sub- 
mitted a  review  I  had  written  on  respiratory  stimulants,  and 
this  was  published  in  1973.  At  the  conclusion  of  my  fellowship 
and  after  a  2-yeai'  overseas  detour  in  the  Army.  1  was  recruited 
by  Len  Hudson  to  join  him  at  Harborview  Medical  Center  in 
Seattle  and  become  Medical  Director  of  Respiratory  Ther- 
apy— a  position  I  still  hold  nearly  20  years  later.  1  joined  the 
AARC  (then  the  AART)  and  became  a  loyal  reader  of  its  Jour- 
nal. 

In  1 980  Respiratory  Care  published  a  case  repoit  that 
1  thought  was  full  of  holes.  Somewhat  aiTogantly  for  a  junior 
faculty  member  with  a  %  ery  slim  resume.  I  wrote  a  letter  to 
Phil  Kittredge  complaining  about  it.  and  listed  the  documen- 
tation and  teaching  points  1  thought  a  good  case  report  should 
contain.  To  my  surprise  he  wrote  back  asking  me  to  expand 
my  points  into  an  editorial  on  tlie  subject,  and  in  addition  asked 
whether  I  would  like  to  become  Case  Reports  Editor  for  the 
Journal  and  a  member  of  its  Editorial  Board.  Tluis.  with  a  bang. 
began  a  14-year  stint  on  the  Editorial  Board,  something  that 
profoundly  influenced  the  course  of  my  own  career  and.  1  hope, 
had  some  effect  on  the  Journal  and  its  readers.  Along  the  way 
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1  have  had  the  good  fortune  to  guest  edit  or  co-edit  1 2  indi- 
\idual  issues  and  to conuibute  more  than  100  items  to  its  pages, 
including  research  aiTicles,  OPEN  FORUM  abstracts,  reviews, 
editorials,  book  reviews — and  even  a  poem!' 

The  ups  and  downs  of  all  this,  along  with  my  experiences 
with  other  publications  and  with  the  science  and  practice  of 
respiratory  care  in  this  country  and  abroad,  have  enabled  me 
to  draw  some  conclusions  about  this  Journal's  contributions 
and  importance  to  the  profession.  My  observations  fall  into 
three  general  categories:  things  in  which  we  should  take  pride, 
an  area  of  disappointment,  and  things  for  which  1  am  per- 
sonally grateful. 

What  Has  the  Journal  .Vcconiphshed? 

It  has  established  llie  respiratory  care  profession  as  a  sci- 
ence discipline.  This  would  not  have  tx:cuiTed  without  the  Jour- 
nal. In  the  absence  of  a  dedicated,  scientific  journal  to  serve 
the  profession,  papers  by  respiratory  care  practitioners  and 
papers  reporting  research  on  technical  and  practical  aspects 
of  respiratory  care  by  investigators  of  all  credentials  would 
have  been  published  in  other jouinals  that  include  respiiatory 
caie  among  their  various  subject  areas — at  least,  those  papers 
among  them  that  managed  to  gain  acceptance  by  those  jour- 
nals. Respiratoiy  ciue  as  a  distinct  subjecl  of  resciirch  and  clin- 
ical application  might  well  not  have  emerged,  and  respiratory 
care  practitioners  today  might  still  be  technicians  simply  car- 
rving  out  others'  instructions,  taking  piirt  in  practice  areas  they 
played  no  role  in  shaping. 

A  person  seeking  evidence  for  a  high  level  of  science  in 
today's  RESPlRA^OR^■  CaRE  need  look  no  further  than  its  OPEN 
Forum.  The  first  OPEN  FORUM  I  attended  was  in  Dallas  at 
the  1980  Annual  Meeting.  It  took  place  in  an  out-of-the-way 
ground  floor  room  in  which  there  tended  to  be  about  6  peo- 
ple at  any  one  lime — the  person  at  the  podium,  one  or  two 
other  people  from  the  presenter's  home  institution,  the  same 
representation  for  the  next  scheduled  abstract,  and  Phil  Kit- 
tredge. Today  the  OPEN  FORUiM  attracts  hundreds  of  abstract 
submissions  from  around  the  world,  has  an  acceptance  rate 
the  same  as  (or  a  bit  lower  than)  those  of  the  major  medical 
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specialty  societies,  and  attracts  overflow  crowds  to  several 
large  rooms  for  simultaneous  sessions  throughout  the  dura- 
tion of  the  convention.  The  tremendous  growth  and  outstanding 
quality  of  the  OPEN  FORUM  of  the  1990s  are  owed  primar- 
ily to  the  tireless  efforts  of  Pat  Brougher,  now  assisted  in  this 
effort  by  Associate  Editor.  Kaye  Weber. 

Although  not  every  member  of  the  profession  always  be- 
haves as  a  professional  and  not  all  respiratory  care  can  be  clas- 
sified as  scientific,  there  is  no  question  that  the  work  that  ap- 
pears in  the  Journal  solidly  meets  the  definitions  of  both.-  The 
steadily  increasing  professional  credibility  of  the  Journal  can 
be  tracked  by  the  proportion  of  doctorale-level  RCPs  serv- 
ing on  its  Editorial  Board — currently  80% — and  authoring 
original  research  papers  in  its  pages.  Another  strong  indicator 
of  the  Journal's  increasing  scientific  stature  is  the  rigor  of  its 
peer  review  process  for  submitted  manuscripts. 

//  luis  provided  the  hecdth-care  comnnmity  widi  a  unique 
source  dJ  useful  ellniail  iujonmition.  In  addition  to  publishing 
important  original  research,  RESPIRATORY  C'ARH  provides  clin- 
icians with  practical  reviews  and  other  articles  addressing  top- 
ics that  are  relevant  to  their  daily  practice,  but  about  which 
there  is  often  a  dearth  of  available  literature.  These  articles 
are  often  unique,  providing  background  information  and  prac- 
tical help  not  to  be  found  in  any  other  journal.  The  main  sources 
for  such  features,  both  new  since  1980,  have  been  the  annual 
Respiratory  Care  Journal  conferences  and  the  papers  de- 
veloped from  the  New  Horizons  in  Respiratory  Care  Sym- 
posia at  the  AARC  Annual  Meeting. 

The  1  .^  journal  conferences  to  date  have  produced  25  is- 
sues of  the  Journal,  each  focused  on  an  important  area  of  clin- 
ical practice,  and  each  containing  discussions  of  topics  directly 
pertinent  to  the  clinician's  everyday  activities.  Ten  "New  Hori- 
zons'" symposia  ha\  e  yickled  68  articles  and  1 2  accompanying 
editorials."  In  both  senes  the  authors  of  indi\  idual  articles  have 
been  charged  with  explaining  the  importance  of  their  topics 
and  offering  practical  ad\  ice  to  the  reader  on  the  basis  of  their 
experience  and  expertise,  even  when  applicable  research  is 
incomplete  or  even  completely  lacking.  The  author  list  for  these 
features  reads  like  a  "Who's  Who"  of  respiratory  care  and  pul- 
monary medicine  of  the  last  20  years,  and  includes  virtual- 
ly all  of  the  main  "players"  in  the  subject  areas  discussed. 

//  has  established  standards  of  care  for  the  profession,  hi 
the  last  several  yciu's  the  Journal  has  become  the  most  importiuit 
source  for  published  guidelines  and  practice  standards  in  the 
broad  field  of  respiratory  care.  The  .'\.'\RC"s  Clinical  Prac- 
tice Guidelines,  all  published  in  Rfspir ATORV  CARE,  are  ex- 
erting an  imporlaiu  inllucncc  on  public  policy  and  reim- 
burscmenl  in  this  couiilrv .  and  are  rapidlv  becoming  incor- 
porated iiilo  institutional  policv  and  procedure  manuals  around 
the  world.  In  addition,  the  Joiirnars  consensus  conference  is- 
sues on  aerosol  therapy,  the  essentials  of  mechanical  venti- 
lation, and  the  assessment  of  innovation  in  mechanical  ven- 
tilation, have  established  benchmarks  that  will  continue  to  im- 
prov  e  patient  care  through  their  infiuence  on  manufacturers. 


regulators,  and  policy  makers  as  well  as  clinicians. 

It  has  attained  the  largest  circulation  of  any  journal  in  the 
field.  Respiratory  Care's  momhlv  run  of  nearlv  40.000 
copies  exceeds  those  of  the  American  Journal  ofRespiratoiy 
and  Critical  Care  Medicine,  Chest.  Critical  Care  Medicine, 
and  Intensive  Care  Medicine.  Thanks  to  the  AARC's  steady 
increase  in  membership  during  the  last  two  decades,  its  jour- 
nal now  reaches  a  larger  number  of  hospitals  and  other  health 
care  facilities,  and  is  received  by  more  practitioners,  than  any 
other  respiration-related  scientific  publication.  This  means 
that  its  potential  for  disseminating  research  results  and  other 
new  information  in  areas  important  to  clinicians  is  unmatched. 

Where  Has  The  Journal  Fallen  Short? 

It  has  failed  to  get  into  Index  Medians.  This  statement  is 
misleading  in  that  it  impUes  that  the  responsibility  for  this  fail- 
ure rests  with  the  Journal;  it  should  be  restated  as  ''Index  Medi- 
ciis  has  failed  to  accept  RESPIRATORY  CARE  into  its  listings." 
In  the  14  years  that  1  served  on  the  Editorial  Board  the  Jour- 
nal applied  to  Inde.x  Medicus  at  every  possible  opportunity, 
and  made  every  effort  imaginable  to  satisfy  the  requirements 
of  the  National  Library  of  Medicine  and  to  convince  the  physi- 
cians on  the  Inde.x  Medicus  Editorial  Board  that  this  "allied 
health"  publication  should  be  indexed.  Every  effort  has  failed. 

The  reasons  for  the  denials  have  not  been  revealed,  but  their 
consequences  can  be.  The  Journal  has  cle;irly  suffered  in  terms 
of  manuscript  submissions  and  physician  attitudes  about  its 
contents;  it  is  possible  that  patient  care  has  also  been  adversely 
affected.  For  example,  clinicians  seeking  assistance  with  pa- 
tient management  issues  via  MEDLINE  cannot  access  rel- 
evant articles  in  RESPIRATORY  CARE.  Neither  can  investigators 
in  the  field.  That  tlie  latter  is  the  ca.se  is  shown  by  the  appearance 
in  other  journals  of  studies  that  duplicate  prev  ious  studies  pub- 
lished in  Respiratory  Care,  and  reviews  that  omit  published 
work  important  to  the  topic  under  discussion.  Despite  the  fact 
that  the  Cumulative  Inde.x  ofNursini^  and  Allied  Health  Lit- 
erature (CINAHL),  which  indexes  RESPIRATORY  CARE,  is 
now  available  on-line  alongside  MEDLINE,  it  is  unlikely  that 
all  clinicians  (or  potential  investigators)  will  search  it  when 
they  should. 

.Academic  promotion  committees  rely  heavily  on  indexed 
publications  when  considering  indiv idual  taculty  members 
for  promotion.  Because  of  this,  investigators  in  the  field  who 
luc  members  of  academic  departments  experience  great  pres- 
sure to  submit  their  work  to  other  journals  if  they  can  expect 
to  achieve  promotion.  This  results  in  substantial  numbers  of 
original  research  articles  that  should  be  published  in  Ri:sPl- 
RATORY  Care  by  virtue  of  their  subject  matter  and  intend- 
ed audience  being  sent  elsewhere. 

Tlie  failure  onndc.x  Medicus  to  accept  RESPIRATORS'  CARE 
lor  indexing  surely  cannot  be  justified  on  grounds  of  edito- 
rial standiuds  and  peer  review.  Anyone  who  has  submitted  re- 
search papers  hoih  to  this  journal  and  to  its  indexed  sister  pub- 
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lications  can  vouch  for  this.  Especially  in  recent  years,  the  pro- 
cess of  reviewing  and  revising  nianLiscrijits  is.  it' anything,  more 
rigorous  for  RESPIRATORY  CARE  than  for  other  journals. 

Despite  its  absence  from  fnclcx  Medicus.  the  Joumars  ar- 
ticles are  cited  by  an  ever-increasing  number  of  authors  in  the 
field,  both  in  research  reports  and  in  reviews,  editorials,  and 
book  chapters.  This  fact  attests  to  the  acceptance  of  the  work 
published  in  these  pages  by  the  field's  leaders,  and  underscores 
the  need  to  make  it  fully  accessible  to  all  workers  in  respi- 
ratory care  ;uid  related  fields  tluough  more  appropriate  indexing. 

What  Has  Meant  the  Most  to  Me? 

More  than  anything  else,  a  publication  such  as  RESPI- 
RATORY Care  is  a  reflection  of  the  people  who  produce  it. 
And  without  doubt,  it  is  the  Journal's  people  that  have  made 
my  interactions  with  it  most  meaningful — especially  Phil  Kit- 
tredge  (who  put  Respiratory  Care  on  the  map,  clinical- 
ly and  scientifically).  Pat  Brougher  (who  has  expanded  the 
scope  and  tightened  the  standards  for  the  Journal's  contents). 
and  Ray  Masferrer  (whose  vision  and  administrative  skills 
have  guided  its  course  firmly  and  wisely  from  behind  the 
scenes).  Duiing  the  years  I  have  been  associated  with  the  Jour- 
nal, it  has  been  a  genuine  privilege  to  work  with  these  out- 
standing individuals. 

The  Editorial  Board  also  plays  an  important  role.  In  my 
experience,  members  of  the  editorial  boards  of  other  jour- 
nals serve  primarily  as  manuscript  reviewers  and  occasional 
editorialists — that  is,  to  assure  the  quality  of  the  journal's  con- 


tents. In  contrast,  serving  on  the  Editorial  Board  of  RESPI- 
RATORY Care  cairies  with  it  a  heavy  responsibility  to  help 
create  the  Journal's  contents.  Most  of  the  innovations  of  the 
last  15  years — the  Journal  conferences,  the  institutional  spe- 
cial issues,  and  the  specialty  features  now  found  in  each  issue, 
tor  example — came  out  of  Editorial  Board  meetings,  and  a 
substantial  percentage  of  the  contents  of  each  yeai-'s  volume 
is  wiitten  or  co-authored  by  members  of  this  Board.  To  a  con- 
siderable degree,  the  JouiTial's  present  structure,  appearance, 
and  direction  reflect  the  efforts  of  the  members  of  its  Edi- 
torial Board. 

Respiratory  Care — who  needs  it?  I  do — and  so  does 
everyone  else  who  cares  about  this  field.  The  Journal  has  con- 
tributed in  crucial  ways  to  my  own  interest,  persistence,  and 
personal  commitment  to  respiratoiy  care.  It  has  been  nuilLired 
and  sustained  by  quality  people,  and  its  mission  is  important. 
Even  in  this  era  of  professional  unceilainty  and  economic  con- 
straints in  health  care,  its  future  is  sure  to  be  one  of  contin- 
ued achievement,  unwavering  quality  standards,  and  increasing 
influence.  I  have  high  hopes  for  a  continued  long  and  fruit- 
ful relationship  with  RESPIRATORY  CARE. 
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Ureaplasma  urealyticiim  Tracheal  Colonization  and 
Respiratory  Disease  in  Newborns 

Leandro  C^ordcio  MD,  Kim  Davis  MT,  Douglas  W'anic-i  MD, 
and  l.cona  W  Avers  MD 


BAeKdROUND:  Causalit\  between  Ureaplasma  ureahiicimi  (U)  grown  from 
tracheal  cultures  (TC)  and  bronchopulmonary  dysplasia  (iJPl)).  pulmonary 
hypertension  (PPHNB),  and  neonatal  mortality  has  been  proposed.  We  re- 
examined these  relationships  using  a  cohort  design.  M  ATERLALS  &  MKTH- 
Ol)S:  We  prospectively  obtained  TC  from  377  mechanically  ventilated  in- 
fants delivered  at  University  Hospital  who  were  intubated  an  average  of  23 
days,  and  from  whom  we  collected  783  TC  (288  of  them  taken  at  birth  and 
the  rest  weekly).  Clinical  and  laboratory  information  was  retrie\ed  from  med- 
ical records.  RESULTS:  Of  the  377  infants,  54  (14%)  had  one  or  more  pos- 
iti\e  TC  for  U  during  hospitalization.  Of  the  54  colonized  infants,  45  (83%  ) 
weighed  <  1,25(1  g,  7  ( 13%  )  between  1,251  and  2,5(»0  g,  and  2  (4%  )  2,5(t(»  g. 
One  hundred  and  eighty  four  infants  had  birthweights  <  1,250  g.  Forty-five 
(24%  )  of  them  were  T  |}<)siti\eand  139(76%  )  were  negati\e.  Mean  birthw eight, 
gestational  age,  duration  of  mechanical  \entilation,  incidence  and  severity 
of  BPD,  and  neonatal  mortality  were  similar  between  the  two  groups.  P orty 
infants  diagnosed  with  PPHNB  who  were  niechanicall\  ventilated  an  aver- 
age of  7  da>s  provided  91  TC.  Onl>  2  of  these  infants  were  L  positi\e.  Thir- 
ty-nine PPHNB  patients  survived  and  did  not  develop  BPD.  CONCLUSIONS: 
i'.  urealyticiim  tracheal  colonization  defined  by  serial  TC  is  conmion  among 
small,  premature,  mechanically  \entilated  infants.  No  association  between 
this  colonization  and  incidence  or  severity  of  BPD,  neonatal  mortality ,  and 
PPHNB  was  found.  IRcspir  Care  1  W6;41(  1  ):22-29| 
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.Since  1976,  wlieii  Urcuplasnui  urciilxlicuDi  (['.  itrcalytkitm) 
was  istijaled  IVom  42  kitigs  i)l'29()  slillboni  iiirants,'  to  llie  piv- 
seiit,  ittir  uiiderstandiiig  of  the  lole  olilicse  organisms  iti  lieallii 
and  tiisease  has  incteased  siyiiiticaiills .-  Of  the  mans  iiiNCO- 
plasnias  thai  can  he  isi>iated  Iroiii  the  iov\er  genital  tract  of 
pregnant  uonien  only  li  iircalxlicuiu  and  Mycoplnsmn  ho- 
minis  (M.  hoiuinis  I  ha\e  heen  implicated  in  disease  ol  nev\  - 
horns.'  Major  eimtributions  made  h\  Cassell  et  al  to  our  ktiow  I- 
edge  of  perinatal  mycoplasma  infections  are  discussed  in  two 
excellent  ie\iew  articles,'''  Colonization  of  newborns  is  re- 
lated to  organism  pie\  alence  in  the  matenial  genital  tract,  hut 
not  necessariK  to  the  inlegrits  of  the  amniotic  meiiihranes  or 
to  \aizinal  or  cesarean  deli\erv.^ 
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In  1991  Cassell  et  al'  slated  that  although  prospective  stud- 
ies have  failed  to  show  a  definite  role  for  U.  iirealyticuni  in 
neonatal  respiratory  disease,  well-documented  case  reports 
have  removed  all  doubts  that  this  organism  is  capable  of  pro- 
ducing clinical  and  histologic  pneumonia.  The  isolation  of 
U.  urealyticHin  from  the  lower  respiratory  tract  of  three  in- 
fants with  persistent  pulmonar\'  hypertension  of  the  newborn 
(PPHNB)  opened  a  new  area  of  investigation."  Most  of  the 
scientific  attention,  however,  has  centered  on  the  association 
of  U.  Iirealyticuni  colonization  of  the  nasopharynx  and/or  the 
trachea  of  small  premature  infants  and  the  development  of 
bronchopulmonary  dysplasia  (BPD).''"'  In  a  recent  evalua- 
tion of  four  cohort  studies.  Wang  et  al'^  concluded  that  strong 
but  not  definite  evidence  shows  that  U.  iireulyticiiin  causes 
BPD  in  premature  infants.  It  should  be  noted  that  in  three  of 
these  four  studies  ureaplasma  samples  were  taken  during  the 
first  days  of  life  from  the  nasopharyn.x  rather  than  from  the 
trachea  and  that  patients  were  characterized  as  colonized  or 
noncolonized  on  the  basis  of  only  one  positive  or  one  neg- 
ative culture.^"'" 

The  purpose  of  the  present  cohort  study  was  to  correlate 
the  clinical  course  of  mechanically  ventilated  neonates  with 
serially  obtained  TA  cultures  for  V.  urealyiiciiiu.  A  major  ob- 
jective was  to  determine  whether  associations  existed  between 
U.  ureahtkuiu  tracheal  colonization  in  small  premature  in- 
fants (birthv\  eight  <  1 .150  g)  and  neonatal  mortality.  PPHNB. 
and  the  incidence  of  BPD. 

Materials  &  Methods 

Patients  Studied 

Three  hundred  seventy-seven  infants  born  at  University 
Hospital  between  1992  and  1994  who  were  admitted  to  the 
neonatal  intensive  care  unit  and  who  were  intubated  longer 
than  1  day  comprised  the  study  population.  All  infants  required 
mechanical  ventilation  with  a  neonatal  pressure-limited  time- 
cycled  ventilator.*  Because  of  pulmonary  interstitial  emphy- 
sema or  PPHNB.  9  of  these  infants  were  temporarily  treat- 
ed with  high-frequency  ventilation.* 

All  infants  required  umbilical-artery  catheterization,  and 
those  who  needed  long-term  intravenous  therapy  underwent 
central-venous  catheterization.  Exogenous  surfactant  was  given 
at  the  manufacturer's  recommended  dosages.  According  to 
their  clinical  needs,  infants  with  BPD  were  given  dexam- 
ethasone  sodium  phosphate  (0.5  mg  kg  '  day'  given  in  2  doses 
q  1 2  h)  intra\enously  for  3  days.  Thereafter  a  10%  decrease 
in  dosage  every  3  days  was  initiated  and  continued  for  up  to 
4  weeks.'* '^ 

Blood  cultures,  differential  white-blood-cell  counts  ( WBC- 


Dif).  and  chest  radiographs  were  pertbijned  on  all  infants  upon 
admission  to  the  neonatal  intensive  care  unit  (NICU)  and  there- 
after, as  clinically  indicated.  WBC-Dif  were  done  daily  dur- 
ing the  first  week  and  bi-weekly  thereafter.  Subsequent  blood 
cultures  were  taken  whenever  infection  was  suspected.  All 
infants  were  treated  prophylactically  with  ampicillin  (100 
mg  ■  kg"'  •  day"'  I.V.,  given  in  2  doses  q  12  h)  and  gentamicin 
(5  mg  ■  kg"'  •  day"'  I.V..  given  in  2  doses  q  12  h).  This  reg- 
imen was  continued  for  3-5  days  if  the  cultures  were  neg- 
ative. Infants  who  developed  sepsis  late  in  their  hospital  course 
were  initially  treated  with  gentamicin  and  vancomycin.  Once 
isolates  were  identified,  the  antibiotic  therapy  was  changed 
according  to  the  results  of  the  antibiograms.  BPD  was  de- 
fined by  the  clinical  and  radiologic  signs  as  described  by  North- 
way  et  al"*  and  by  the  need  for  supplemental  oxygen  at  28 
days  of  life. '''  We  characterized  severity  of  BPD  by  the  du- 
ration of  mechanical  ventilation  in  days  and  by  the  need  for 
supplemental  oxygen  after  discharge  from  the  hospital. 
PPHNB  was  diagnosed  by  clinical,  radiologic,  and  echocar- 
diographic  criteria.-" 

Microbial  Colonization 

To  detennine  the  presence  or  development  of  abnoimal  mi- 
crobial colonization,  weekly  tracheal  aspirates  were  obtained 
using  aseptic  technique.  Normal  saline  (0.5  mL)  was  intro- 
duced into  the  endotracheal  tube,  suction  applied,  and  the  as- 
pirated specimen  used  to  saturate  two  sterile  swabs.  One  swab 
for  mycoplasma,  ureaplasma.  and  chlamydia  culmre  was  im- 
mediately placed  in  2SP  transport  media  and  placed  on  ice. 
The  second  swab  was  used  for  routine  culture.  Both  swabs 
were  immediately  transported  to  the  laboratory  for  process- 
ing or  storage  at  40°  C  overnight.  If  2SP  processing  was  de- 
layed for  longer  than  24  hours,  the  transport  tube  was  frozen 
at  -70°  C.  The  2SP  media  was  inoculated  onto  an  A7B  basal 
medium  plate  and  into  U9B  broth  for  isolation  of  U.  iirealyticum 
and  genital  mycoplasmas  and  onto  a  cycloheximide-treated 
McCoy  cell  monolayer  for  recovery  of  Chlamydia  trachomatis 
(C.  traclwiuatis).  The  inoculated  agar  plates  were  incubated 
in  the  presence  of  5%  CO:  at  37°  C  for  48  hours,  the  brotli  cul- 
ture in  air  at  37°  C  for  48  hours,  and  the  monolayer  in  the  pres- 
ence of  57r  CO2  at  37°  C  for  48  hours.  Ureaplasma  and  My- 
coplasma spp.  were  identified  by  colony  morphology  and  ure- 
ase activity  and  Chlamydia  sp.  by  a  monoclonal  antibody.-' 

The  decision  to  treat  one  infant  colonized  with  U.  iire- 
alyticum was  made  empirically  by  an  attending  neonatolo- 
gist.  Erythromycin  lactobionate  30  mg  kg"'  day'  was  given 
intravenously  in  4  divided  dosages  every  6  hours  for  7  days, 
without  improvement. 

Data  Collection  &  Statistical  Analysis 


♦Equipment  and  supplies  are  listed  in  the  Product  Sources  Section  at  the 
end  of  the  text. 


Our  NICU  is  managed  under  a  prospective  plan  of  patient 
care,  which  did  not  change  over  the  study  period.  Results  of 
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the  ciiliiires  were  collected  prospectively,  und  patient  demo- 
graphic ami  clinical  inlorniation  was  obtained  from  hospital 
records.  Subgroups  were  torrned  for  specific  analysis.  The 
results  are  reported  as  mean  (SD).  Unpaired  t  tests  were  used 
to  analyze  the  significance  of  the  difference  of  group  means 
forbirthweight.  gestational  age,  duration  of  intubation,  and 
length  of  hospital  stay.  A  X~  '*J^t  on  proportions  w  as  used  for 
tracheal  colonization,  incidence  of  BPD,  neonatal  mortality, 
frequency  of  home  oxygen  supplementation,  premature  rup- 
ture of  membranes  (PROM),  and  nmdc  of  deli\cry. 

A  patient  was  considered  colonized  il'at  any  time  during 
hospitalization  at  least  one  tracheal  culture  yielded  U.  iirc- 
alyticum  and  noncolonized  if  TC  were  always  negative  or  if 
two  consecutive  TC  taken  within  a  week  of  each  other  were 
negative.  Each  infant  whose  birthvveight  was  <  1 ,250  g  and 
who  survived  longer  than  28  days  was  classified  as  negative 
(nonci)lonized  n  =  121)  or  positive  (colonized  n  =;  38).  For- 
ward stepwise  logistic  regiession  --  was  employed  to  assess 
the  influence  of  race,  birthvveight.  gestational  age,  gender,  du- 
ration of  \entilalion,  length  of  hospital  stay,  surfactant  ad- 
ministration, dexamethasone  treatment,  and  U.  itiTulyticiiin 
colonization  of  the  trachea  on  BPD. 


Results 


Demojiraphics 


Three  hundred  and  sixteen  (S.V/i-)  of  the  .^77  mechanically 
ventilated  neonates  were  born  before  37  weeks  of  gestation. 
The  hirthweight  for  the  entire  study  population  ranged  from 
430  to  4.770  g  (Table  1 ).  (Jnc  hundred  and  eighty-four  of  these 
infants  w  eighed  <  1 ,250  g.  Sixty-one  newborns  who  were  bom 
at  more  than  37  weeks  of  gestation  weighed  >  2.500  g.  Three 
hundred  and  seventeen  infants  (84' < )  were  singleton,  276  (73'f ) 
patients  were  Caucasian,  96  patients  (25%)  were  Black,  and 
5(1%)  were  Oriental.  Of  all  neonates,  55%  were  male.  Of  the 
377  infants,  214  (56%)  were  delivered  by  cesarean  section. 


Respiratoi7  failure  of  nonpulmonary  origin  was  diagnosed 
in  56  cases  (15%),  hyaline  membrane  disease  in  271  (72%), 
PPHNB  in  40  ( 1 1  % ),  and  pneumonia  in  14  (5% ).  Exogenous 
surfactant  was  administered  to  839;  of  the  377  infants.  Sixty 
newborns  who  did  not  receive  surfactant  were  older  than  33 
weeks  of  gestation  and  had  birthw  eights  >  2,000  g.  One  hun- 
dred and  twenty-five  of  377  infants  (36%)  received  treatment 
with  dexamethasone  not  earlier  than  the  second  week  of  life. 

U.  iirealyticum  Tracheal  Culoiii/.atiun 

M.  hominis  was  isolated  in  3.  and  C.  iraclwnialis  in  8  of 
the  783  TC.  None  of  these  1 1  infants  had  any  clinical  or  radio- 
logic evidence  of  pneumonia,  and  none  of  these  organisms 
grew  in  subsequent  TC.  Concunent  grow  th  of  ( '.  iirealyticum. 
M.  lumiinis.  and  C.  iwchoimitis  occurred  in  one  and  twi)TC 
respectively.  During  hospitalization,  54  of  377  newboms  ( 14%) 
had  one  or  more  positive  tracheal  cultures  for  U.  iircalylicum 
(Fig  1 ).  Only  in  19  of  the  54  (35%  )  colonized  infants  were 
all  TC  positive.  The  remaining  35  colonized  neonates  (65% 
of  the  entire  group)  had  one  or  more  negative  TC  sometime 
during  the  hospitalization.  The  clinical  courses  t)f  the  19  pa- 
tients with  all  positive  cultures  and  those  of  the  35  with  in- 
termittent positives  were  similar. 

TC  were  taken  during  the  first  hour  of  life  in  288  new  boms. 
Of  these,  39  ( 14%)  were  U.  iirecilyticiini  positive  and  249 
(86%)  were  negative.  Of  the  infants  with  initially  negative 
TC,  10  became  positive  at  1  week,  4  at  2  weeks,  and  1  at  3 
weeks  of  life.  In  15  instances  (6%)  the  original  TC  culture 
did  not  characterize  the  infants  as  coloni/ed.  and  in  6  of  these 
cases  2  negative  cultures  were  obtained  before  the  first  pos- 
itive TC  was  encountered. 

Tracheal  colonization  decreaseil  w  ith  increasing  gestational 
age  and  birthw  eight  (Table  I ).  Thirty  percent  of  47  infants 
w  ho  weighed  under  750  g,  26%  of  84  w  ho  weighed  between 
75 1  and  1 ,000  g  and  17%  of  53  newborns  who  weighed  be- 
tween 1,001  and  1,250  g  were  U.  urcalyticuiu  posaixc. 


Tatilc  I .      Populatiun  Studieii  To  Determine  Factors  Related  to  V.  uivahiicwn  Tracheal  Coloni/alion 


Birthweighl 

Nuiiiher  of 

Gestational  Age 

Duration  ol 

Length  of  Slay 

Patients  Dead 

Ureaplasma  Positive 

(g) 

Patients 

(weeks) 

Intubation  (days) 

(days) 

number  (%) 

number  C/f) 

<750 

47 

26(1)* 

.W(21)* 

67  (37)* 

11(23) 

14(30) 

751-l,n(X) 

84 

27(2) 

.34(14) 

67(24) 

12(14) 

22 (26) 

1,001-1.250 

53 

29(2) 

19(19) 

.50(16) 

4(4) 

9(17) 

1,2.5I-I,5(K) 

42 

31(2) 

10(8) 

38(13) 

1(2) 

3(7) 

L50 1-1,7.50 

23 

32(20) 

4(8) 

25(10) 

0 

0(0) 

1,751-2,000 

20 

33(2) 

5  (d) 

21  (8) 

0 

1(5) 

2,001-2,2.50 

30 

34(1) 

6(7) 

18(11) 

0 

2(6) 

2.251-2..500 

17 

35(1) 

5(6) 

13(61 

0 

1(6) 

>  2.500 

61 

38(2) 

4(2) 

10(5) 

1(3) 

2(3) 

Total 

377 

31(4) 

15(18) 

41 (30) 

29(7) 

54(14) 

'Values  arc  mean(SD). 
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Birthweight 

Weeks 

on  Mecha 

Tical  Ventilation 

(g) 

Birth 

1 

2 

3 

4 

5       6       7       8       9 

430 

• 

• 

+ 

+ 

+ 

•           •        NST 

607 

NST 

NST 

+ 

• 

• 

•           • 

620 

• 

• 

+ 

• 

• 

•        NST 

660 

NST 

+ 

+ 

670 

• 

+ 

+ 

+ 

+ 

+ 

680 

+ 

• 

+ 

+ 

+ 

+          + 

680 

NST 

+ 

+ 

• 

• 

•           •           • 

680 

+ 

• 

+ 

• 

• 

+          +       NST 

680 

+ 

NST 

+ 

NST 

NST 

700 

+ 

+ 

NST 

+ 

NST 

700 

• 

+ 

+ 

700 

NST 

NST 

+ 

• 

• 

+ 

710 

+ 

NST 

720 

• 

+ 

• 

• 

• 

•          +          +       NST     NST 

759 

• 

+ 

+ 

• 

+ 

NST 

760 

+ 

+ 

+ 

• 

• 

•           •           • 

760 

NST 

+ 

+ 

NST 

780 

• 

+ 

+ 

NST 

789 

NST 

+ 

+ 

NST 

830 

+ 

+ 

+ 

NST 

840 

• 

• 

+ 

+ 

850 

+ 

+ 

NST 

850 

+ 

+ 

NST 

850 

+ 

+ 

+ 

NST 

+ 

850 

• 

+ 

NST 

• 

860 

NST 

+ 

+ 

+ 

+ 

+          +          + 

860 

• 

+ 

+ 

NST 

908 

NST 

NST 

+ 

+ 

+ 

NST        •        NST        • 

910 

• 

+ 

+ 

NST 

920 

• 

• 

+ 

• 

+ 

930 

NST 

NST 

+ 

+ 

NST 

935 

• 

• 

+ 

NST 

+ 

940 

NST 

+ 

+ 

NST 

970 

NST 

+ 

• 

+ 

980 

+ 

NST 

1000 

NST 

• 

+ 

1040 

+ 

• 

• 

• 

1045 

+ 

+ 

NST 

1060 

+ 

NST 

1070 

+ 

NST 

1100 

+ 

NST 

• 

• 

1140 

NST 

• 

+ 

+ 

1190 

+ 

• 

+ 

+ 

1250 

NST 

+ 

+ 

1250 

+ 

NST 

NST 

• 

• 

1380 

NST 

• 

+ 

1396 

+ 

NST 

• 

1500 

• 

+ 

+ 

1800 

+ 

+ 

2100 

NST 

• 

+ 

2160 

+ 

+ 

+ 

• 

2320 

NST 

• 

• 

+ 

3185 

+ 

3880 

+ 

NST 

Fig.  1 .  Tracheal  cultures  from  54  U.  urealyticum  colonized  infants. 
•  =  negative,  +  =  positive,  NST  =  no  sample  taken. 


Nineteen  of  20  sets  of  twins  yielded  negative  TC.  Both 
members  of  the  remaining  set  were  TC  positive  for  U.  ure- 
ulyticiiin.  Four  of  five  quintuplets  delivered  by  cesarean  sec- 
tion who  were  tested  had  negative  TC.  Only  one  member  of 
another  16  sets  of  twins  was  available  for  aii-way  culture.  Tliree 
of  these  16  infants  were  TC  positive.  Thus,  for  the  entire  group 
of  60  newborns  who  were  products  of  multiple  pregnancies, 
only  5  (8%)  were  V.  urealyticum  colonized. 

U.  urealyticum  airway  colonization  was  more  common 
among  infants  bom  vaginally  than  among  those  delivered  by 
cesarean  section  (Table  2).  Prolonged  rupture  of  membranes 


(PROM)  was  also  associated  with  an  increase  in  airway  col- 
onization. Sixty  percent  of  TC-positive  and  40%  of  TC-neg- 
ative  infants  were  delivered  vaginally  iX'  8.27.  p  <  0.01 ).  Ten 
TC  positive  infants  were  bom  by  cesarean  section  in  the  pres- 
ence of  intact  membranes. 


Table  2.      (.'.  un-al\uciim  tracheal  Colonizadon.  Duration  ot'Ruplure  of 
Amniotic  Membranes  (ROM),  and  Mode  of  Delivery. 


Vaginal 

Infants  Colonized 

n  n  I  "/r ) 


Cesarean  p  Value* 

Infants  Colonized 
n  n  ( "^'i  ) 


ROM<24h  97        16(16) 

ROM>24h  66        18(27) 


164        13    (8)  0.05 

.so         7(14)  0.30 


Total 


163        34(21) 


^14 


20    (9) 


0.002 


'rn-l    I 


Neonatal  Mortality 

Of  the  377  patients,  29  (7%)  died  during  the  neonatal  pe- 
riod or  before  the  sixth  month  of  life.  Mortality  figuies  for 
1 84  infants  with  birthweights  <  1.250  g  are  presented  in  Table 
3.  Six  of  45  (13%)  U.  urealyticum  positive  infants,  and  21  of 
the  1 39  ( 1 5% )  negati\e  infants  died.  This  difference  in  mor- 
tality is  not  statistically  significant  (p  =  0.09).  Two  of  the  193 
patients  whose  birthweight  was  >  1 .250  g  also  died,  although 
neither  was  V.  urealyticum  positive. 

Persistent  Pulmonary  Hypertension 

Forty  neonates  w  ho  developed  respiratory  failure  were  di- 
agnosed with  PPHNB.  Birthweight  ranged  from  2.480  to  3.880 
g  (X  =  2.996).  hospital  stay  from  6  to  65  days  (x  =  17)  and 
duration  of  mechanical  ventilation  from  3  to  22  days  (x  =  7). 
Clinical  correlates  were  meconium  aspiration  syndrome  (5 
patients).  PROM  and  oligohydramnios  (7  patients),  acute  fetal 
distress  (5  patients),  chronic  abruptio  placenta  (4  patients), 
placenta  previa  (4  patients).  Group-B  streptococcus  sepsis 
(2  patients),  and  congenital  heart  disease  (2  patients).  In  the 
remaining  patients,  the  cause  of  PPHNB  remained  unclear. 
All  infants  required  conventional  mechanical  ventilation  sup- 
plemented, in  6  cases,  with  high  frequency  oscillation  and, 
in  2.  with  extracoiporeal  membrane  oxygenation.  Of  the  en- 
tire group,  only  one  infant  diagnosed  with  congenital  heart 
disease  died.  Thirty-eight  of  the  40  TC  taken  during  the  first 
hour  following  birth  were  negati\e.  Thirty-seven  of  these  cul- 
tures were  repeated  within  1  week  and  remained  negative. 
Thirteen  additional  cultures  taken  1  week  later  were  also  neg- 
ative. Of  the  2  patients  with  TC  positi\  e  at  birth,  one  was  ex- 
tubated  at  3  and  the  other  at  10  days  (in  this  particular  pa- 
tient a  second  culture  was  also  positive). 
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Table  3.      U.  ureahlicum  Tracheal  CoIonizatiDii  and  Neonatal  Morlalilv. 


Pos: 

itive 

P; 

itients 

Ne 

■gative 

Patients 

Total 

Birthweight(g) 

n 

Dead(%) 

n 

Dead  ex ) 

Patients 

p  Value* 

<750 

14 

3  (21) 

33 

8  (24) 

47 

0.9 

751-I.UOU 

ti 

3  (141 

62 

9  (15) 

84 

0.8 

1,001-1,250 

9 

0     (0) 

44 

4     (9) 

53 

0.6 

Total 

45 

6  (13) 

139 

21    (15) 

184 

0.9 

'X'n-\.a'i-. 

Tracheal  Colonization  &  BPD 

One  hundred  and  fifty-nine  infants  with  birthweights  < 
1,250  g,  who  survived  28  days  or  who  died  after  the  diag- 
nosis of  BPD  was  established  were  included  in  this  analy- 
sis (Table  4).  The  incidence  of  BPD  ranged  from  94%  for  in- 
fants who  weighed  1  ,(X)()  g  to  599f  for  those  with  birthweights 
between  1 ,00 1  and  1 ,250  g.  For  the  total  group,  929f  of  pos- 
itive and  80%  of  TA  negative  newborns  developed  BPD.  This 
difference  was  not  statistically  significant  (p  =  0.14).  Step- 
wise logistic  regression  analysis  established  that  clinical  v  ari- 
ables  associated  with  BPD  were  duration  of  ventilation  (p  = 
0.0001 ).  gestational  age  (p  =  0.0001 ).  and  birthweight  (p  = 
0.0001 ).  After  controlling  for  these  factors,  none  of  the  other 
variables  studied,  including  U.  uiTcdyticiiiu.  were  related  to 
BPD.  The  association  between  U.  nn-alyticiiin  colonization 
and  BPD  was  not  statistically  significant  (p  =  0. 1 3).  Two  ad- 
ditional logistic  regression  analyses,  one  which  did  not  in- 
clude duration  of  ventilation  and  one  that  included  higher  order 
interactions  with  U.  urcdlyiiciini.  produced  the  same  results. 

For  infants  with  birthweight  <  1 ,250  g.  the  average  duration 
of  ventilation  was  34  and  31  days  for  U.  itrealyticiim  posi- 
tive and  negative  infants  respectively.  Forty-seven  percent 
of  TA  positive  and  51%  of  TA  negative  infants  were  discharged 
home  on  supplemental  o.xygen.  None  of  these  differences  was 
statistically  significant  (p  =  0.8). 

Discussion 

Of  the  many  mycoplasmas  that  can  be  isolated  from  the 

lower  genital  tract  of  pregnant  women  only  U.  iircalyticiiiu 
and  M.  hoininis  have  been  implicated  in  diseases  ol'  the  new  - 


born.'M  hominis  has  been  recovered  from  infants  with  res- 
piratory distress.-'  The  low  recovery  in  our  study  population 
is  not  unexpected  because  in  simihir  groups  of  small  premature 
infants  mycoplasma  pre% alence  in  TC  ranged  from  2  to  7%.*'''' 

Blood,  cerebrospinal  tluid.  nasopharynx  (NP),  gastric  as- 
pirate, pleural  fluid,  lung  tissue,  and  tracheal  secretions  are 
all  suitable  for  U.  urealyticitin  culture.-  Samples  taken  from 
sites  other  than  the  trachea  are  less  reliable  in  evaluating  lung 
infections  because  they  may  not  represent  the  condition  of 
the  lung  itself.  E\en  airway  cultures  should  be  interpreted  cau- 
tiously because  tracheal  specimens  were  negative  in  2  patients 
whose  pleura  and  lung  biopsies  yielded  U.  iirealytkiiin.-^ The 
administration  of  exogenous  surfactant  to  our  patients  did  not 
interfere  with  the  recovery  of  U.  urealyticum  fix)m  the  trachea. '" 

In  1988  Cassell  et  al.**  who  studied  nasopharyngeal  and  TC 
samples  in  200  prematures,  concluded  that  recovery  of  urea- 
plasma  from  endotracheal  aspirates  did  not  correlate  w  ith  its 
presence  in  the  nasopharyn,\.  Payne  et  al'"  studied  93  premature 
infants  fn)m  w horn  nasophaiAngeal  and  endotracheal  cultures 
were  taken  at  about  2  and  14  days  of  life.  This  group  reported 
that  most  TC  remained  positi\  e  w  hile  almost  all  NP  became 
negative.  Further  discrepancies  ha\e  been  highlighted  by  John- 
son et  al."  who  found  that  in  19  cases  of  ureaplasma  colo- 
nization 9  infants  were  NP  and  TC  positive.  5  were  only  TC 
positive,  and  4  were  only  NP  positive.  In  spite  of  the  above, 
investigators  have  reported  colonization  rates  to  be  associated 
with  BPD.  regardless  of  the  origin  of  the  sample.''"  '-'^-' 

Characterizing  newborn  populations  as  colonized  or  non- 
colonized  on  the  basis  of  a  single  NP  or  TA  culture  is  prob- 
lematic. We  have  demonstrated  that  7%  of  initially  negative 
TC  would  have  been  misleading  unless  repeated  w ithin  2  weeks. 


Table  4.      U.  iirealyucum  Tracheal  Colonization  and  ihe  Incidence  of  Bronchopulmonary  Dysplasia  (BPD) 


Positive  Patients 

Negative 

Pat: 

ients 

Total 

Hinhwcight  (g) 

n 

BPDC/r) 

n 

BPD  (%) 

Patients 

p  Value* 

<750 

12 

12  (100) 

25 

24  (961 

37 

0.7 

751-1,000 

19 

19  (100) 

51 

46  (90) 

70 

0.3 

1,001-1,250 

7 

4     (57) 

45 

27   (60) 

52 

0.7 

Total 

38 

35    (92) 

121 

97  (80) 

159 

0.14 

*;;=n-i.o-5 
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To  our  knowledge  only  Heggie  et  al.'^  like  ourselves,  deter- 
mined noncoloni/ation  after  2  negative  TC.  Because  noso- 
comial infections  have  not  been  demonstrated.'  ^  we  may  as- 
sume that  factors  such  as  antibiotic  exposure,  level  of  colo- 
nization, adequacy  of  sampling,  or  cultivation  techniques-" 
explain  inconsistently  positive  cultures.  Samples  obtained  week- 
ly have  allowed  us  to  study  19  infants  whose  TC  were  always 
ptisitive  and  35  infants  w  ith  intemiittent  TC  positivity.  Although 
we  did  not  observe  clinical  differences  among  these  two  groups 
of  patients,  further  investigation  is  highly  warranted. 

Tracheal  colonization  developed  in  infants  bom  vaginally 
as  well  as  in  those  delivered  by  cesarean  section  regardless 
of  the  condition  of  the  amniotic  membranes.^  Our  observa- 
tion of  10  TC-positive  infants  bom  by  cesarean  delivery  with 
intact  amniotic  membranes  followed  that  pattern.  Although 
PROM  has  not  been  correlated  with  U.  urealyticum  colo- 
nization. "I"  1 1  -'  its  more  common  occurrence  among  vagi- 
nally delivered  infants  in  the  present  study  is  of  interest  con- 
sidering that  infection  of  the  chorioamnion  is  independent  of 
the  onset  and  duration  of  labor  and  the  duration  of  mpture  of 
the  amniotic  membranes.-^ 

Tracheal  colonization  with  U.  iircalylicuiu  among  infants 
with  birthweight  <  1 .000  g  had  been  associated  with  a  mor- 
tality of  34%  among  5b  noncolonizcd  and  70%  for  20  col- 
onized infants.*^  This  observation  differed  with  that  reported 
here  (18%  for  95  noncolonized  and  17%  for  36  colonized  in- 
dividuals). It  is  unclear  whether  the  extremely  high  mortal- 
ity for  the  patients  in  the  study  by  Cas.sell  and  colleagues^  was 
due  to  an  unusually  large  number  of  very  small  infants  or  to 
epidemiological,  demographic,  or  medical  differences.  Re- 
cently, Heggie  et  al'"*  who  studied  U.  iimdyticum  tracheal  col- 
onization in  54  infants  with  birthweights  <  1,500  g  reported 
mortalities  of  10  and  8%  for  30  colonized  and  24  noncolo- 
nized infants  respectively. 

Persistent  pulmonaiy  hypertension  of  the  newborn  is  a  com- 
plex disorder  of  multiple  etiology  characterized  by  increased 
vascular  resistance  that  leads  to  shunting  through  the  fora- 
men ovale,  ductus  arteriosus,  or  both.'**  Experimental  work 
has  linked  Group-B  streptococcus  as  well  as  gram-negati\e 
bacteria  to  pulmonary  hypertension.-" ''  In  1989.  Waites  et 
al''  reported  3  cases  of  PPHNB  from  whom  U.  iirccilyticiiin 
was  recovered  from  the  trachea,  and  concluded  that  this  or- 
ganism, like  streptococci,  should  be  considered  a  cause  or. 
at  least,  a  contributing  etiologic  factor.  If  this  association  were 
valid,  it  would  be  reasonable  to  expect  significant  U.  iirc- 
ulyikiini  colonization  among  PPHNB  patients.  Instead  only 
2  out  of  40  patients  proved  to  be  tracheally  colonized,  and. 
even  more  important,  all  noncolonized  patients  remained  neg- 
ative one  week  later.  This  was  not  totally  unexpected  because 
PPHNB  seldom  affects  infants  of  gestational  age  less  than  33 
weeks — precisely  the  group  in  whom  U.  urcahticiiiu  aiiway 
colonization  is  more  common. 

Bronchopulmonary  dysplasia  is  a  chronic  lung  condition 
that  affects  mainly  small,  premature  infants  who  haxe  been 


treated  with  positive  pressure  \enlilation  and  oxygen. "  .Ad- 
vances in  conventional  and  high-frequency  ventilation  and 
the  availability  of  surfactant  have  increased  survival  of  crit- 
ically ill,  low-birlhweight  neonates  with  a  resulting  increase 
in  the  number  of  infants  with  BPD.'^  Long-term  complica- 
tions of  BPD.  such  as  respiratory  insufficiency,  pulmonary 
and  systemic  hypertension,  growth  retardation,  and  respira- 
tory infections,  still  occur  with  predictable  frequency.  The  in- 
creased incidence  of  sudden-infant-death  syndrome  report- 
ed among  infants  with  BPD  has  generated  widespread  con- 
cern and  controversy.""  " 

The  incidence  of  BPD  varies  according  to  the  definition 
chosen  and  can  be  as  high  as  1  ()()'(  for  infants  with  birthweight 
<  800  g  or  as  low  as  5%  for  those  with  birthweight  >  1 .500 
g.  Many  factors  such  as  demographics,  place  of  birth,  and  level 
of  medical  and  nursing  care,  also  result  in  different  rates  of 
neonatal  mortality  and  BPD."* ''' 

Limg  injury  bv  hvperoxia.  barotrauma,  and  infection  with 
the  sub.sequent  mnammatory  and  rcparatix  e  response  is  the 
factor  most  strongly  associated  with  the  development  of  BPD. 
Direct  tissue  damage  can  be  potentiated  by  the  activation 
of  intlammalory  cells  and  chemicals."  •"'  Theoretical  causal 
links  between  BPD  and  U.  iiivalyiicuin  have  been  made  by 
showing  that  human  neonatal  pulmonary  fibroblasts  release 
significant  levels  of  interleukins-5  and  -8  in  direct  response 
to  infections."" 

U.  urcalyticuni  specifically  enhances  the  production  of 
tumor  necrosis  factor  (alpha),  a  potent  prointlammatory  cy- 
tokine produced  by  macrophages,  aiul  is  thought  to  play  a  crit- 
ical role  in  the  development  of  kuig  disease."*-  Because  se- 
vere and  persistent  lung  disease  has  been  associated  w  ith  in- 
fectious agents  such  as  cytomegalovirus  and  chlamydia,"*'"*"* 
it  is  natural  to  question  whether  U.  iiiciilyucwn  participates 
m  the  acute  injury  phase  of  BPD.  Mice  infected  with  II.  iire- 
ahtkum  and  exposed  to hyperoxia experience  longer  infections 
and  higher  mortality  rate  than  the  controls."*'  In  an  aninial  study, 
inoculation  of  premature  baboi"in  infants  with  U.  uivalyliciiin 
results  in  recognizable,  albeit  mild,  pulmonary  lesions."*" 

Causality  between  clinical  BPD  and  if.  uirdlxtlcuni  in  the 
infant  airway,  however,  remains  unproven.  This  organism  has 
been  implicated  clinically  by  temporal  association  with  BPD 
infants  using  c(thorts  with  colonized  and  noncolonized  air- 
ways dermed  by  single  nasoph;u"y  ngeal  samples.' '"-  Witli  sonie 
exceptions,^  '"  investigations  including  ours,  which  focused 
n"iainly  on  serial  tracheal  cultures,  foiuid  no  such  associa- 
tion."" '"*  Payne  et  al'"  defined  severity  of  BPD  using  a  ra- 
diological score  and  concluded  that  there  was  no  evidence  that 
colonized  infants  de\  eloped  more  severe  BPD  than  those  not 
colonized.  Using  different  criteria  for  assessing  severity  of 
BPD.  we  arrived  at  a  similar  conclusion. 

Because  tracheal  cultures  may  be  insufficient  to  define  the 
study  populations  of  cohorts,  infants  with  tracheal  ureaplasma 
detected  by  a  single  culture  immediately  after  delivery  may 
represent  an  entirely  different  risk  group  than  infants  who 
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dernonsirate  iruclieul  urcaplasma  in  the  weeks  following  birth. 
Early  detection  of  tracheal  ureaplasma  with  techniques  such 
as  polymerase  chain  reaction  may  define  more  quickly  w  hich 
infants  are  coloni/ed.  but  may  not  necessarily  better  predict 
those  at  risk  for  infection-enhanced  lung  disease.'"^'*  Attention 
may  need  to  be  turned  to  the  use  of  blood  and/or  spinal  fluid 
for  U.  urealyiiciini  culture  or  to  serologic  studies^"^'  to  dif- 
ferentiate between  infected  and  colonized  infants. 

Randomized  placebo-controlled  clinical  trials  of  er\'thro- 
mycin  therapy  have  been  proposed  as  a  means  to  establish 
the  relationship  between  U.  urealyticuni  and  newborn  lung 
disease.  i'?--S'  Such  studies  appear  prematme  in  view  of  the 
conflicting  reports  of  erythromycin's  clinical  efficacy  in  small 
unblinded  trials.'"*'''  ■"''*  Erythromycin  is  reported  to  be  rela- 
tively safe  for  infants  but  does  not  penetrate  the  central  ner- 
vous system  and.  although  active  against  most  suains.  has  been 
irregular  in  the  complete  eradication  of  the  organism  from  the 
respiratory  tract. ^-^'  Despite  the  narrow  spectrum  of  antibi- 
otics active  against  U.  itrcalyticuin.  prenatal  treatment  of  the 
mother  with  macrolide  or  tetracycline  antibiotics  or  treatment 
of  the  low-birthvveight  infant  with  gentamicin.  a  partially  ac- 
tive antibiotic,  could  affect  initial  recoveiy  of  ureaplasma  from 
infected  and  colonized  infants.-''''  Except  in  the  rare  cases  of 
documented  clinical  infections,  the  parameters  for  selection 
of  low-birthweight  infants  who  are  likely  to  profit  from  an- 
tibiotic therapy  remain  iinelefined. 

Conclusions 

(/.  itrealyticum  tracheal  colonization  defined  by  serial  tra- 
cheal cultures  is  common  among  mechanically  ventilated  pre- 
mature infants  with  birthweight  <  1.250  g.  No  significant  sta- 
tistical association  between  airway  colonization  and  neona- 
tal mortality.  PPHNB.  and  incidence  and  severity  of  BPD  was 
found.  Tracheal  cultures  taken  at  birth  and  weekly  thereafter 
should  be  obtained  before  characterizing  newborns  as  colo- 
nized or  not  colonized.  Otherwise,  misleading  epidemiologic 
conclusions  couki  be  ihawn. 
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Use  of  Pulse  Oximetry  To  Determine  Oxygen  Prescription 
for  Hypoxemic  Patients  with  COPD 

Eileen  M  Hagarty  MS  RN,  W  Edwin  Langlx-in  PhD,  Morton  S  Skorodin  MD, 
C:iuT\I  I  Hultman  PIiD.  Jill  Ajesseii  MPH  RN,  and  James  B  Fink  MS  RRT 


BACKGROUND:  A  rt'trospecti\e  analysis  was  conductwl  to  determine  whether 
<)X\  hemoglobin  saturation  measured  In  pulse-oximetrj  (Sp<),)  during  a  5-niinute 
corridor  walk  (\\  VrK"^ "")  accurately  predicts  oxygen  flow  required  by  hy- 
poxemic patients  with  chronic  obstructive  pulmonary  disease  (COF'D)  using 
the  standard  nasal  cannula  (SNC)  and  reservoir  nasal  cannula  (RNC)  to  main- 
tain average  Spo,  >  91%  during  simulated  activities  of  daily  living  (ADLs). 
METHODS:  Oxygen  dose  was  titrated  in  15  men  who  were  hypoxemic  (av- 
erage Spo,  <  88% )  at  rest  or  with  mild  exercise,  mean  (SD)  age  69  (9)  years, 
with  40  ( 17)  pack-year  smoking  history,  FK\,/F\  C^'r  41  ( 10)9f .  P^o:  57  (4) 
torr.  and  exertional  dv  spnea.  Each  subject  used  both  devices,  on  separate  oc- 
casions, in  a  randomized  order,  during  incremental  cycle  ergometry  and  a  4- 
station  circuit  simulating  ADEs.  RESUETS:  Average  Spo,  during  the  last  30 
seconds  olWAEK""'  (V\  AEK  "')  was  significantly  greater  than  during  the  lift- 
push-carry,  undress  and  dress,  and  ascending  and  descending  stairs.  No  sig- 
nificant diOerence  between  average  Spo,  for  VVAEK  "'  [SNC  =  89  (3)%,  RNC 
=  9t)  (3)%  I  and  bicjcle  ergometry  |SNC  =  91  (3)%.  RNC  =  92  (3)9f  ]  was  found. 
CONCLUSION:  SNC  and  RNC  oxygen  flow  prescripfictns  intended  to  main- 
tain Sp(),  >  91 T^  during  physical  exertion  in  hypoxemic  COI'I)  patients  may 
be  determined  during  a  5-minute  corridor  «alk  using  onl\  the  average  of  Spo.s 
taken  during  the  last  30  seconds  of  exercise.  |Respir  Caiv  1  W(i;4l(  1  ):3()-3(i| 
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Introduction 

A  luiiiibeiot  sludics  ha\c  justified  llic  use  of  o.xygen  ther- 
apy during  exercise  in  patients  with  hypoxemic  chronic  ob- 
siriicti\e  puhnonary  disease  (COPD).'  "  In  this  population, 
oxyhemoglobin  saturation  frequently  decreases  during  ex- 
ercise.' '■"  Some  COPD  patients  who  have  mild  or  no  hypo- 
xemia at  rest  may  need  oxygen  therapy  during  exercise,  and 
many  hypoxemic  patients  retjuire  a  higher  ox\gen  tlovv  dur- 
ing exercise.  The  need  for  a  higher  oxygen  flow  may  be  sec- 
ondary to  the  presence  of  worsening  \cntilation-perfusion  re- 
lationships and/or  diffusioti  limitations  or  to  the  hypeipnea 
of  exercise  resulting  in  greater  dilution  of  oxygen  with  room 
air.'-  Oxygen  administration  during  exercise  has  been  shown 
to  itnprove  exercise  tolerance  at  submaximal  workloads-"'-^ 
and  to  reduce  pulmonary  artery  pressure  and  dyspnea.''" 

Most  studies  evaluating  exercise-induced  hypoxemia  have 
employed  a  bicycle,  a  treadmill-walk,  or  a  1 2-minute  coiri- 
dor-walk  test."  Bicycle  testing  seriously  underestimates  ex- 
ercise-induced oxv'hetnoglobin  desaluration  compared  to  the 
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treadmill-walk  test  at  a  similar  level  of  work."  '-*  In  COPD 
patients,  step-test  exercise  has  been  found  to  produce  even 
greater  reductions  in  aiterial  oxygen  tension  than  does  steady- 
state  treadmill  walking."  It  is  believed  that  a  symptom-lim- 
ited, corridor  walk  may  fall  somewhere  between  the  tread- 
mill-walk test  and  the  step  test,  in  terms  of  producing  exer- 
cise-induced oxyhemoglobin  desaturation." 

A  corridor  walk  is  one  method  that  has  been  employed  to 
determine  oxygen  flow  requirements  during  exercise.'-'  "■'" 
Variation  exists  in  the  interpretation  of  oximetry  values  used 
to  detemiine  oxygen-flow  requirements.'-'""' In  general,  COPD 
patients  are  questioned  regarding  their  normal  activity  level, 
and  attempts  are  made  to  titrate  their  oxygen  flow  so  that  they 
remain  adequately  oxygenated  during  their  normal  activities 
of  daily  living  (ADLs).  This  retrospective  analysis  was  con- 
ducted to  determine  whether  pulse  oximetry  (SpO:)  mea- 
surements,* taken  during  a  5-minute,  symptom-limited  cor- 
ridor walk,  accurately  predict  oxygen  flow  requirements  for 
the  standard  nasal  cannula  (SNC)  and  reservoir  nasal  cannula 
(RNC)  so  that  an  average  SpO:  >  91%  can  be  maintained  in 
patients  with  hypoxemic  COPD  during  the  performance  of 
simulated  ADLs. 


Table  1.      Mean  ISD)  Demographic  and  Clnncal  Data  for  Study 

Participants  (n  =  15)  and  Subjects  Who  Did  Not  Complete  the 
Studv(n  =  6). 


Participants 


.Age  (years) 

Weight  (kg) 

Height  (cm) 

Years  of  smoking 

Years  since  quitting  smoking 

FEV,  (L) 

FVC  (L) 

FEV|/FVC% 

MVV  (L/mm)* 

Dtco  (mL/min/torrV 

Paor 

PaCO;* 

pH* 


69.2  (9.2) 
81.3(15.8) 

174.5    (6.6) 

40.5(16.5) 

8.9   (7.4) 

1.0   (0.6) 

2.4   (0.9) 

40.8(10.1) 

39.9(23.8) 

9.3  (4.1) 

57.3  (4.2) 
42.8   (8.2) 

7.4  (0.0) 


Nonparticipants 


69.0    (8.3) 
88.1(15.6) 

172.3   (9.0) 
35.0(11.8) 

7.3  (8.2) 
0.9  (0.5) 
2.0   (0.7) 

42.0(13.0) 
28.6(20.0) 
5.6  (4.0) 
54.3  (3.4) 
47.0   (7.3) 

7.4  (0.1) 


FEVi/FVC/c.  MVV.  Dlco  and  PjO:  "■ere  compared  between  groups;  p  >  0.05  for 
all  comparisons.  FEV]  =  forced  exhalation  volume  in  the  first  second.  FVC  = 
forced  vital  capacity.  MVV  =  ma.\imum  voluntary  ventilation.  Dlco  -  diffusing  ca- 
pacity for  carbon  mono.\ide. 

'n  =  14  for  study  participants;  n  =  5  for  study  nonparticipants.   n  =  14  tor 
participants;  n  =  3  for  nonparticipants.   n  =  13  for  study  participants;  n  =  6  lor  non- 
participants. 


Methods 

This  research  was  approved  by  the  hospital's  Human  Stud- 
ies Subcommittee,  and  written,  infonned  consent  w  as  obtained 
from  the  participants.  Seventy-five  COPD  patients  were  con- 
tacted and  screened  for  sttidy  participation.  Airiong  those  con- 
tacted and  screened,  43%  did  not  meet  the  study's  inclusion 
criteria  and  29%  met  the  study's  inclusion  criteria  but  refused 
to  participate  in  the  study.  Twenty-one  patients  were  enrolled 
in  the  investigation,  and  15  patients  successfully  completed 
the  study  (2  patients  were  unable  to  finish  the  study  due  to 
e.xercise  intolerance,  and  4  patients  elected  to  discontinue  par- 
ticipation after  starting  the  study).  Baseline  patient  data  were 
obtained  (Table  1 ).  Inclusion  criteria  were:  (a)  PaO:  ^  -''-'^  torr 
or  56-59  torr  with  evidence  of  cor  pulmonale  or  polycythemia 
while  upright  and  at  rest  and  breathing  room  air;  (b)  PaO:  S 
60  torr  with  decline  in  average  SpO:  to  <  88%  during  a  5- 
minute,  symptom-limited  corridor  walk;  (c)  ratio  of  volume 
exhaled  in  the  first  second  of  a  forced  exhalation  to  forced 
vital  capacity  (FEVi/FVC%)  <  70%;  (d)  no  unstable  medi- 
cal or  psychiatric  illness;  (e)  no  recent  (within  4  weeks)  in- 
fectious exacerbation  of  COPD  as  reflected  by  increase  in  quiui- 
tity  or  change  in  color  of  sputum,  elevated  white  blood  count 
above  10,000  cells/mm\  fever,  or  new  pulmonary  infiltrate: 
(f)  no  evidence  of  myocardial  infarction  within  the  previous 
6  months. 


*Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


Prescreening  Exercise  Oximetry  Protocol 

The  prescreening  goal  was  to  choose  the  SNC  oxygen  flow 
that  achieved  an  a\ erage  SpO;  >  9 1  %  during  a  5-n-iinute,  symp- 
tom-limited comdor-walk  test  (Table  2).  The  oximeter  record- 
ed SpO:  every  6  seconds  and  then  calculated  the  lowest  SpO;, 
average  SpO:.  percent  time  SpO;  <  90%,  and  percent  time  Spo, 
<  85%.  Five  minutes  prior  to  testing  and  under  the  supervi- 
sion of  the  study  nurse,  each  patient  self-administered  2  puffs 
of  albutert-il  or  metaproterenol  via  metered  dose  inhaler  (MDI) 
to  minimize  bronchospasm  as  a  cause  of  exercise-test  intol- 
erance. The  oximeter  probe  was  meticulously  secured  to  the 
patient  to  prevent  motion  ailifact.  Testing  was  begun  by  hav- 
ing the  patient  walk  at  a  self-selected  pace  on  level  ground, 
while  using  his  currently  prescribed  SNC  oxygen  flow.  If  the 
average  SpO;  was  >  91%,  that  SNC  oxygen  tlow  was  used 
in  the  smdy  protocol.  If  the  average  SpOj  was  <  91%,  the  walk 
w  as  repeated,  while  increases  in  the  oxygen  flow  were  made 
in  increments  of  0.5  L/min  until  an  average  SpO:  >  91%  was 
achieved  or  until  the  research  nurse  noted  no  further  increa.se 
in  SpO.  vvith  increased  oxygen  flow.  All  patients  returned  to 
their  pre-exercise  levels  prior  to  subsequent  corridor-walk 
tests."'  Rest  time  ranged  from  5  to  15  minutes.  The  0.5  L/min 
increases  in  oxygen  flow  titration  occuired  over  several  sep- 
arate exercises.  The  0.5  L/min  increment  was  used  for  rea- 
sons of  cost  containment  and  patient  convenience.  A  pre-  and 
postactivity  heart  rate  and  standing  blood  pressure  (BP)  were 
recorded  for  each  walk  test. 

The  procedure  for  evaluating  the  RNC  began  with  a  rest- 
ins  oximetrv  test  with  adjustments  in  oxygen  flow  made  until 
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Table  2.      Selection  of  Oxygen  Flow  (L/min )  lor  Slanilard  .Na>al  Cannula  and  Reservoir  Nasal  Cannula  durins.'  5-Minule  Corridor  Walk. 


Standard  Nasal  C 

annula 

Resersoir  Nasal  Cum 

nula 

Walk 

Lowest 

Mean 

Highest 

Walk             Lowest 

Mean 

Highest 

O:  Flow 

Time 

Spo.' 

Sj)l); 

SpO: 

0:  Flow 

Time               Spo, 

SpO; 

SpO; 

Subject 

(L/min) 

(min) 

C/r) 

c;',) 

(%) 

(L/min) 

(min)                C/c) 

(%) 

(9^) 

1 

.10 

5.1 

89 

91 

94 

3.0 

4.0                    88 

91 

94 

2 

2.5 

5.0 

87 

91 

98 

1.5 

4.4                    87 

91 

95 

3 

1.5 

5.1 

89 

91 

92 

1.5 

5.3                    95 

96 

97 

4 

3.5 

5.2 

88 

92 

95 

1.5 

5. 1                    88 

91 

95 

5 

3.0 

4.0 

87 

92 

97 

2.0 

5.0                    9 1 

93 

94 

(i 

3.0 

5.0 

89 

91 

95 

2.0 

4.3                   89 

93 

95 

7 

4.0 

5.1 

92 

94 

97 

2.0 

4.5                   90 

93 

96 

8 

4.0 

4.1 

87 

91 

94 

4.0 

4.1                   88 

91 

94 

9 

2.0 

5.4 

85 

92 

100 

1.0 

4.0                   85 

92 

100 

III 

3.0 

5.0 

89 

92 

96 

1.0 

5.0                  88 

92 

97 

11 

3.0 

4.3 

82 

92 

96 

2.5 

5.1                   89 

93 

97 

\: 

3.0 

4.3 

89 

91 

95 

2.0 

4.4                  88 

91 

94 

\^ 

2.5 

5.0 

88 

93 

97 

1.0 

5.0                   85 

92 

97 

14 

2.0 

5.0 

87 

91 

96 

0.5 

5.1                   88 

91 

96 

15 

2.5 

5.0 

88 

92 

98 

1.5 

5.0                  87 

91 

96 

Mean  (SD) 

2.8(0.7) 

4.8  (0.4) 

88(2) 

92(1) 

96(2) 

1.8(0.9) 

4.7(0.5)            89(2) 

92  ( 1 ) 

96(2) 

an  average  SpO:  of  >  91%  was  obtained.  Patients  then  walked 
5  minutes  in  the  corridor,  using  their  predetennined  RNC  oxy- 
gen tlow.  If  that  oxygen  (low  achieved  an  average  SpO:  <  91%, 
ihe  walk  was  repeated  with  the  same  titration  procedure  as 
used  for  SNC. 

Study  Protocol 

Prior  to  initiating  each  exercise  test,  an  ailerial  hlood  sam- 
ple was  ohtained  via  radial  artery  puncture,  while  the  patient 
was  in  a  seated  positimi  with  the  pulse  oximeter  ear  probe 
in  place.  Partial  pressure  of  arterial  oxygen  (P.,(),).  oxyhe- 
moglobin saturation  (S.,o;).  andcarboxyhemoglobin  saturatit)n 
(Saco)  were  measured.  The  SaO;  and  SpO;  resting  measure- 
ments were  required  to  be  within  2%  in  order  to  pi'occed  w  ith 
the  testing  protocof 

Measurements  ol  heart  rate.  BP.  Spo,.  and  ratings  of  per- 
ceived breathlessness  anti  exeilion  were  recoi'ded  before  ac- 
tivity, during  activity,  and  after  activity  for  cycle  and  func- 
tional performance  test  circuit  (FPTC)  exercise.  During  cycle 
ergometry.  for  reasons  of  patient  safety,  electrocardiogram 
(ECG)  heart  rate  (HR)  was  monitored  visually.  A  telemetry 
system  was  used  for  ECG  monitoiing  during  the  FPTC.  ECG 
recording  took  place  iluring  the  last  \5  seconds  of  Minutes 
10  and  15  of  the  pretest  rest  period  and  posttest  recovery  pe- 
riods and  during  the  last  15  seconds  of  each  minute  required 
by  the  subject  to  complete  the  siiecitled  ph\sical  activity.  Bkxxl 
pressure  was  measured  by  sph\gmomatiomctiy.  The  first  and 
last  Korotkoff  sounds  were  recorded.  Blood  pressure  was  mea- 
sured duiing  the  last  30  seconds  of  the  pretest  rest  and  posttest 
recovery  periods.  immediatel_\  following  the  completion  of 
each  physical  activity,  and  during  the  last  .^O  seconds  of  the 
third  minute  of  the  reccnery  period. 


Oximeti7  data  were  obtained  as  during  prescreening.  Rat- 
ings of  perceived  exertion  and  breathlessness  were  obtained 
using  Borg's  ratio  scale,  a  standard  method  that  has  pnned 
reliable  and  \alid  for  measuring  dyspnea  and  other  subjective 
sensations  in  COPD  patients.'""  Exertion  and  breathlessness 
ratings  v\  ere  taken  before  beginning  and  immediately  after  the 
subject  tlnished  a  physical  acti\it\  and  at  I.  2,  and  3  mintites 
of  postactivity  recovery.  Subjects  continued  the  exercises  until 
(a)  the  subject  completed  the  required  task,  (b)  the  subject  v\as 
unable  to  maintain  the  designated  wiirk  intensity,  (c)  \oiitional 
fatigue  occurred,  or  (dl  significant  clinical  signs  or  symptoins 
appeared  during  an\  ph\  sical  acti\  ity. 

Cycle  Ergometry  Protocol 

Cycle  exercise  rather  than  treadmill  exercise  was  employed 
because  workload  is  more  easily  quantified  during  cycle  ex- 
ercise. Each  subject  performed  cycle  ergometry  on  2  sepa- 
rate occasions,  using  SNC  and  RNC.  w ith  the  oxygen  Hows 
determined  during  the  5-minute  corridor-walk  test.  Beginning 
with  pedaling  at  0  watts  (W).  the  work  rate  was  increased  by 
10  W  every  2  minutes  until  the  subject  indicated  that  exer- 
cise-limiting fatigue  and/or  dyspnea  had  occuired  or  85%  of 
the  subject's  predicted  maximal  heart  rate  (220  -  age)  was 
achieved.'''  Measurements  were  recorded  during  the  last  minute 
of  each  stage  of  bicycle  exercise  and  for  each  of  3  minutes 
immediately  following  exercise. 

FPTC  Protocol 

The  4-station  FPTC  was  designed  to  mimic  a  variety  tif 
activities  of  daily  living,  including  physical  activities  such 
as  dressinc,  standins,  walking,  liftins,  can"\inc.  and  ascendins 
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and  descending  stairs.  A  15-minute  pretest  quiet  period  was 
used  to  t)btain  the  pre-exercise.  stable  baseline  measurements. 
Subjects  then  proceeded  through  the  stations  in  the  same  order, 
beginning  with  Station  1.  The  FPTC  test  design  is  analogous 
to  an  intermittent  exercise  test  in  which  a  period  of  exercise 
is  followed  by  a  rest  period  of  specified  duration  (in  this  case. 
5  minutes).  The  FPTC  was  administered  as  described  in  Table 
3  and  shown  in  Figures  1  and  2. 

Table  3.      Protocol  for  FuiKtional  Performance  Test  Circuit 


Station  &  Description 


Instruction 


1.    Lift-push-carry 

(Arm  &  leg  exercise) 


II.    Undress  &  dress 
(Arm.  trunk.  &  leg 
exercise) 


(a)  Begin  seated. 

(bl  Stand.  &.  in  pace  with  a  metronome. 

(cl  Walk  15  feet. 

(d)  Lift  21 -pound  grocery  bag. 

(e)  Place  bag  in  cart. 

(f)  Push  Cart  60  feet. 

(g)  Reinove  bag.  and  carry  45  feet, 
(h)  Place  bag  on  table. 

(i)  Sit  down. 

(a)  Begin  seated. 

(b)  Remove  shirt,  pants,  socks.  &  shoes. 

(c)  Immediately,  put  on  shirt,  pants, 
socks.  &  shoes. 

(d)  Sit  down. 


III.  Arm  work  above  (a)  Begin  seated. 

.shoulders  &  below  knees  (b)  Stand  &.  in  pace  with  a  metronome. 
(Arm.  leg.  &  trunk  (c)  Walk  15  feet, 

exercise)  (d)  Pick  up  12-pound  box. 

(e)  Carry  box  60  feet. 

(f)  Place  box  on  lloor  under  2  shelves. 

(g)  Remove.  2  at  a  time,  the  six  2-pound 
sandbags  from  the  box  on  the  floor, 
and  place  them  on  the  lower  shelf. 

(h)  Remove  sandbags  from  the  low 
shelf,  2  at  a  time,  &  place  on  the 
high  shelf. 

(i)  Continue  transferring  sandbags  from 
shelf  to  shelf  for  1  minute. 

(j)  Walk  15  feet. 

(k)  Sit  down. 

IV.  Ascend  &  descend  stairs    (a)  Begin  seated. 

(Leg  exercise)  (b)  Stand  &.  in  puce  with  a  metronome, 

(c)  Walk  5  feet. 

(d)  At  a  stepping  rate  set  by  the 
metronome,  ascend  &  descend  7 
stairs  continuously  for  1  minute. 

(e)  Sit  down. 


Data  Analyses 

Analysis  of  variance  for  repeated  measures  ( ANOVA-r) 
was  used  tocompiire  heiul  rate.  BP.  ratings  of  ]x;rceived  hreath- 
lessness  and  exertion,  and  SpO;.  A  Student-Newman-Keuls 
test  was  used  to  make  post  hoc  pairwise  comparisons.  Alpha 
was  set  at  0.05  for  these  analyses. 


Fig.  1 .  Patient  removing  his  shirt  during  undress-and-dress  activity. 


Fig.  2.  Patient  lifting  sandbags  onto  a  shelf  during  arm-work-above- 
shoulders-and-below-knees  activity. 

Results 

There  were  no  differences  between  the  demographic  and 
clinical  data  of  patients  who  completed  the  study  and  patients 
who  did  not  complete  the  study  (p  >  0.05.  Table  I ).  Of  those 
patients  completing  the  study.  1  had  moderate  COPD 
(FEVi/FVC/f  60-69'7f),  1  had  moderately  severe  COPD 
(FEVi/FVC/f  50-59%).  8  had  severe  COPD  (FEV|/FVC% 
34-497^ )  and  5  had  very  severe  COPD  (FEVi/FVC%  <  34%). 
hi  the  group  of  patients  who  failed  to  complete  the  study.  1 
patietit  had  moderate  COPD,  I  patient  had  moderately  severe 
COPD.  2  patients  had  severe  COPD.  and  2  patients  had  very 
severe  COPD.  Of  the  15  patients  who  completed  the  study. 
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3  did  ni)t  have  a  room-air  resting  PaO:  ^  55  torr  or  56-59  torr 
with  evidence  of  cor  puhnonale  or  polycythemia,  but  they  did 
have  a  decline  in  Sp<),  <  88'7c  (average)  during  a  5-minute.  symp- 
tom-limited, corridor  walk.  The  time  between  the  prescreening 
coiridor  walk  and  study  completion  ranged  from  7-10  weeks. 

The  difference  between  SaO:  and  SpO:  (SaO;  -  SpoO  was 
never  >  0.40'7c.  The  results  of  data  gathered  during  the  pre- 
screening phase  of  the  study  are  given  in  Table  2.  There  were 
no  significant  differences  in  heart  rate,  BP,  or  in  ratings  of 
perceived  breathlessness  and  exertion  between  the  exercise 
conditions  (Table  4).  During  RNC  use,  the  differences  in  SpO; 
(Mean  [SD])  between  the  WALK  "'  (90  13]%)  and  both  lift- 
push-carry  (94  [31^/( ),  and  ascending  and  descending  stairs 
(93  [3]%)  were  significant  (p  <  0.01  and  0.05,  respectively). 
When  SNC  was  used,  the  differences  between  WALK  *  (90 
[3]%),  lift-push-carry  (94  |2|'y(-),  undressing  and  dressing  (Fig. 
3)  (92.1  [3.1]),  and  ascending  and  descending  stairs  (93.3  [2.8 1) 
were  significantly  different. 

The  oxygen  flow  selected  for  SNC  and  RNC  was  based 
upon  an  average  SpO;  >  9 1  %  during  the  5-minute,  symptom- 
limited  corridor  walk  (Table  2).  Average  oxygen  flow  [SD| 
required  for  exercise  was  1.8  [0.9]  L/min  for  the  RNC  and 
2.8  [0.7|  L/min  for  SNC.  While  using  SNC,  8  patients  (53%) 
had  their  lowest  Spo,  during  the  last  30  seconds  of  the  5-minute 
corridor  walk,  1  patient  (7%)  during  the  cycle  test,  2  patients 
(13%)  during  undressing  and  dressing  activity,  3  patients  (20%) 
during  arm  work  above  shoulder  level,  and  1  patient  (7%)  dur- 
ing stair  acti\'ity.  While  using  RNC,  9  patients  (609f )  had  their 
lowest  SpO:  during  the  last  30  seconds  of  the  5-minute  cor- 
ridor walk,  1  patient  (7%)  during  arm  work  above  shoulder 
level,  1  patient  (7%)  during  stair  activity,  1  patient  (7%)  dur- 
ing lift-push-carry  activity,  and  3  patients  (20%)  during  the 
cycle  test  (Table  5).  One  explanation  for  the  3  patients  who 
had  their  lowest  Spo^  during  the  cycle  test  is  that  they  exer- 
cised longer  using  the  RNC  (9.6  [4.9 1  min)  than  they  did  dur- 
ing SNC  use  (7.5  [4.2]  min). 

Discu.ssion 

A  \  ariety  of  protocols  are  used  by  health-care  providers 


100 -, 


Walk  30  Cycle 


LPC       U/D      AWAS    Stairs  Walks  oo 
Test  Condition 


Fig.  3.  Oxyhemoglobin  saturation  measured  by  pulse  oximetry 
(SpOj)  as  subjects  used  a  standard  nasal  cannula  (■)  and  reser- 
voir nasal  cannula  (  )  while  completing  bicycle  ergometry,  func- 
tional performance  test  circuit  composed  of  4  stations:  undress  and 
dress  (U/D),  lift-push-carry  (LPC),  arm  work  above  shoulders 
(AWAS),  ascending  and  descending  stairs  (Stairs),  a  5-minute  cor- 
ndor  walk  with  Spo..  determined  as  the  average  of  measures  during 
5  minutes  and  dunng  the  last  30  seconds  of  walking. 


to  evaluate  exercise-induced  oxyhemoglobin  desaturation  in 
COPD  patients.  Frequently,  pulse  oximetrv'  is  used  to  detennine 
a  patient's  exercise  oxygen  prescription."'^  However,  stud- 
ies regarding  the  validity  and  reliability  of  pulse  oximetry  have 
shown  that  the  pulse  oximetry  values  obtained  during  exer- 
cise may  be  dangerously  misleading  and  that  they  should  be 
interpreted  with  caution.-"-^  A  substantial  difference  in  bias 
;uid  precision  among  different  pulse  oximeters  hits  been  found,^ 
the  most  common  problems  being  underestimation  of  satu- 
ration and  failing  precision.-^  In  hypoxemic  COPD  patients, 
the  lower  the  SaO:-  the  larger  the  overestimation  of  SaO:  by 
pulse  oximetry.-''  The  American  Association  for  Respirato- 
ry Care  recommends  that  the  accuracy  of  pulse  oximetry  be 
verified  by  comparison  to  measured  arterial  oxygen  satura- 
tion at  least  once  during  the  performance  of  exercise  testing 
that  is  being  done  to  evaluate  patients  for  the  presence  of  ex- 
ercise-induced hypoxemia. "' 


Tabic  4.      Subjects'  (n  =  15)  Mean  (SD)  Hean  Rate  (Last  30  s;  End  Exercise  Corridor  Walk).  Systolic  and  Diastolic  Blood  Pressure  (BP,  End 
Exercise),  Perceived  Breathlessness,  and  Total  Body  Exertion  (Last  15  s)  for  the  Standard  Nasal  Cannula  (SNC)  and  Reservoir  Nasal 
Cannula  (RNC). 


FPTC  Stations* 

PoM  Corridor  Walk 

Cycle  Ergonieter 

I 

III 

IV 

SNC 

RNC 

SNC 

RNC 

SNC 

RNC 

SNC 

RNC 

SNC 

RNC 

SNC 

RNC 

Heart  rate 

106(15) 

108(13) 

125(13) 

123(12) 

107    (7) 

108   (9) 

108(14) 

109(10) 

109    (9) 

110(10) 

110   (8) 

110(11) 

Systolic  BP 

133(23) 

1.35(20) 

157(29) 

165  (24) 

149(24) 

144(28) 

152(26) 

1.54(25) 

155  (26) 

157(26) 

155 (28) 

158(26) 

Diastolic  BP 

84    (9) 

83    (7) 

93    (8) 

90    (8) 

79(10) 

80(10) 

80(10) 

80(11) 

78    (7) 

82    (8) 

82(12) 

84(10) 

Breathlessness 

— 

— 

5    (3) 

6    (3) 

3    (2) 

2    (2) 

3    (2) 

3    (3) 

3    (2) 

3    (2) 

4    (3) 

4    (2) 

Exenion 

— 

lance  test  c 

5    (3)         5    (4)         2    (2)         2    (2)         3    (2)         3    (3) 
rcuit;  no  comparisons  were  significant  (p  >  0.05).  — .  measurement 

3    (2) 
not  taken. 

2    (2) 

3    (3) 

3    (3) 

*FPTC  =  functional  perfom 
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Table  5.      For  Standard  Nasal  Cannula  and  Reservoir  Nasal  Cannula  Mean  Spo,  C^i )  during  Lasi  3(1  Seconds  of  the  S-Munite  CoiTidor  Walk.  Cvcling. 
and  Functional  Performance  Test  Circuit. 


Subject 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Standard  Nasal  Cannula 
Walk       Cycle       LPC         U/D       AWAS      Stairs 


90 

96 

95 

94 

92 

95 

87 

89 

96 

92 

92 

92 

91 

87 

90 

86 

91 

90 

93 

90 

92 

90 

92 

93 

87 

88 

95 

91 

95 

96 

90 

94 

96 

92 

88 

97 

93 

92 

94 

95 

90 

95 

87 

94 

91 

90 

94 

94 

93 

92 

98 

98 

98 

92 

91 

87 

89 

88 

86 

89 

83 

91 

94 

96 

88 

97 

89 

92 

94 

95 

89 

96 

89 

92 

92 

90 

90 

95 

88 

91 

92 

92 

93 

88 

88 

95 

93 

92 

90 

91 

Reservoir  Nasal  Cannula 
Walk       Cvcle        LPC         U/D       AWAS      Stairs 


89 

94 

97 

96 

92 

96 

88 

92 

93 

93 

94 

94 

96 

89 

93 

93 

90 

93 

88 

91 

94 

94 

97 

96 

92 

93 

96 

94 

96 

94 

93 

93 

91 

93 

89 

98 

93 

91 

93 

92 

92 

91 

90 

94 

93 

92 

91 

94 

92 

97 

99 

98 

100 

92 

88 

90 

87 

88 

88 

90 

91 

95 

97 

93 

95 

92 

89 

94 

92 

92 

91 

94 

86 

84 

94 

90 

90 

90 

88 

89 

92 

87 

89 

86 

87 

93 

93 

92 

90 

91 

Walk  =  .S-minule.  symplonvlimiled.  corridor  walk;  Cycle  =  submaximal,  symptom4imited.  bicycle-ergomeler  lest;  LPC  =  lift-push-carry  activities;  U/D  =  undressing  and 
dressing  activity;  AWAS  =  Arm  work  above  shoulder  level,  l-minute  duration;  Stairs  =  ascending  and  descending  stairs,  l-minute  duration;  NOTE;  Some  subjects  rode  longer 
on  the  cvcle  than  others.  Not  all  patients  completed  5  minutes  on  the  corridor  walk 


In  the  present  investigation,  the  average  SpO:  measureiJ  dur- 
ing the  last  30  seconds  of  the  corridor  walk  produced  a  level 
of  desaturation  that  was  significantly  greater  than  that  dur- 
ing the  lift-push-carry,  ascending  and  descending  stairs,  and 
undressing  and  dressing.  There  was  no  significant  difference 
between  WALK:"'  and  bicycle  ergometry.  However,  the  means 
differed  by  I'^k  during  SNC  use  and  1 .8%  during  RNC  use. 
Although  the  means  for  the  WALK'""  and  WALK:"'  were 
not  statistically  different  from  each  other,  the  individual  SpO: 
measures  may  have  some  relevance  to  clinical  practice.  The 
subjects"  mean  Spo,  for  the  WALK' ""  are  all  >  9 1  %  for  both 
the  SNC  and  RNC  (Table  2).  Whereas,  during  WALK:"'  the 
mean  SpO:  was  <  9 1  %  in  67%  and  60%  of  the  subject  trials 
during  SNC  and  RNC  use  (Table  5).  Based  on  these  obser- 
vations, it  appears  that  SNC  and  RNC  oxygen  flow  pre- 
scriptions intended  to  maintain  an  SpO:  >  91%  during  phys- 
ical exertion  in  persons  with  hypoxemic  COPD  may  be  de- 
termined during  a  5-minute  corridor  walk  where  only  the 
oximetry  measures  taken  duiing  the  last  30  seconds  of  exercise 
are  used  to  set  the  patient's  oxygen  therapy  tlow.  However, 
the  lowest  SpO:  for  several  patients  was  recorded  during  ac- 
tivities other  than  the  conidor  walk. 

Initial  and  ongoing  assessment  of  arterial  oxyhemoglobin 
saturation  during  rest  and  exercise  is  necessary  to  ensure  an 
oxygen  prescription  adequate  to  support  ADLs  for  hypox- 
emic COPD  patients.  The  results  of  this  retrospective  anal- 
ysis underscore  the  need  for  further  research  to  standardize 
and  improve  the  clinical  methods  used  for  exercise  oxygen 
prescription.  The  potential  benefits  are  better  patient  cai-e  and 
cost  reduction. 


PRODUCT  sourcp:s 

Pulse  Oximeter: 

Model  3760.  Ohmcda.  Louisville  CO 

Blood-Gas  Analyzer: 

ABL  520  Radiometer.  Mcdtron.  Des  Plaines  IL 

Pulmonary  Function  and  Dlco: 

PK  Morgan  Insiruments  Inc.  .^^dover  MA 

Stress  Monitor  &  Kxercise  Cycle: 

Quinton  Instrument  Company.  Seattle  WA 

Telemetry  System: 

Escort  ll)OT/200T.  Medical  Data  Electronics.  Aiieta  CA 

Statistical  Analysis  Package: 

StatView  4.01.  Ah;icus  Concept  Inc.  Berkeley  CA 
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Tracheostom)  in  the  1990s: 
Current  Clinical  Practice  in  an  Urban  Universit)'  Teaching  Hospital 

Carol  L  Kasper  RRT,  Celeste  Rosin  Stubbs  RRT, Jonda  A  Barton,  and  DavidJ  Pierson  MD 


BACKGROUND:  Tracheotomy  is  a  commonly  performed  procedure  in  hos- 
pitals and  may  he  performed  for  various  reasons  hy  one  of  several  services. 
Because  of  the  ahsence  of  both  a  defined  institution-wide  procedure  for  as- 
sessment and  recent  literature  to  describe  current  tracheostomy  management, 
we  conducted  this  retrospective  study.  METHODS:  We  reviewed  the  med- 
ical records  of  all  patients  for  the  fiscal  year  1992-93  coded  as  having  tra- 
cheostomy status  prior  to  admission  or  having  tracheotomy  performed  dur- 
ing the  admission.  We  attempted  to  answer  ( 1 )  W  hy  w ere  tracheotomies  per- 
formed? (2)  Who  performed/managed  the  tracheotomies?  (3)  What 
postoperative  care  was  given?  RESULTS:  Of  the  109  patients,  74%  were  men 
13  to  83  years  of  age.  Patients  underwent  tracheotomy  for  facial  injuries  (21  % ), 
prolonged  ventilation  (21  %  ),  closed  head  injuries  (20% ).  other  intracranial 
processes  ( 16% ),  other  head  and  neck  surgery  (6% ).  spinal  cord  injuries  (5% ), 
epiglottitis  (3% ).  and  8%  underwent  tracheotomy  for  reasons  other  than  these. 
Thirty  -seven  percent  w  ere  tracked  prior  to  this  admission.  Of  the  93  admissions, 
63%  had  tracheotomy  performed  during  the  current  admission  by  Gener- 
al Surgery  (27%  ),  Otolaryngology  Head  and  Neck  Surgery  (46%  ),  Neuro- 
surgery (22%  ),  Oral  and  Maxillofacial  Surgery  (2%  ),  Burns-Plastic  Surgery 
(3%).  Of  the  patients  with  tracheostomies  67%  had  orders  and  85%  had 
progress  notes  pertaining  to  tracheostomy  management.  Of  the  147  admis- 
sions, 100  (68%  )  had  Respiratory  Care  notes  regarding  tracheostomy.  CON- 
CLUSION: Because  a  number  of  services  with  various  training  backgrounds 
participate  in  the  care  of  patients  with  tracheostomy  and  because  variation 
exists,  a  multidisciplinary  tracheostomy  team  appears  desirable  in  a  hospi- 
tal such  as  ours.  [Respir  Care  iy96;41(  1  );37-42] 


Introduction 


Ms  Kasper  is  Clinical  Specialist,  Ms  Stubbs  is  Education  Coordinator, 
and  Dr  Pierson  is  Medical  Director — Respiratory  Care  Department. 
Harborview  Medical  Center.  Ms  Burton  is  Systems  Analyst/  Program- 
mer, and  Dr  Pierson  is  Professor  of  Medicine.  Pulmonary  and  Critical 
Care  Medicine,  University  of  Washington  School  of  Medicine — 
Seattle,  Washington, 

A  version  of  this  paper  was  presented  by  Ms  Kasper  during  the  Open 
Forum  as  part  of  the  annual  meeting  of  the  AARC  held  in  Las  Vegas. 
Nevada,  December  1994. 

Reprmts:  Carol  L  Kasper  RRT.  Respiratory  Care  Depanment,  325  Ninth 
Avenue,  3597b I,  Seattle  WA  98104. 


Trucheoslomy  care  is  a  long-established  and  important  as- 
pect of  respiratory  care,'*'  In  general  hospitals,  tracheotomy 
ma>'  be  perfomied  for  a  wide  range  of  reasons^"  in  adults. '■*-'* 
children.''  -"  or  neonates,----^  Intraoperative  and  periopera- 
tive complications  of  the  tracheotomy  procedure^-''  and  acute 
and  long-term  complications  occurring  in  patients  with  tra- 
cheostomies-'''-  are  numerous  and  well  documented.  Although 
regimens  for  tracheostomy  care  are  widely  available.'"^*'-''-''* 
none  has  gained  universal  adoption,  and  variations  likely  e.xist 
among  institutions  and  regions. 

Harborview  Medical  Center  is  a  university-operated,  mu- 
nicipal teaching  hospital  and  Level- 1  Trauma  Center.  Included 
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in  ils  320  beds  are  38  interisive-care-iinil  (ICU).  187  acute- 
care,  and  26  rehabilitation  beds.  Although  a  substantial  pro- 
portion of  the  patients  have  suffered  trauma  and  other  emer- 
gencies, the  ht)spital  also  serves  the  needs  of  a  varied  local 
and  regional  community.  Except  for  certain  emergency  ad- 
missions to  the  surgical  services,  infants  and  children  ;ire  cared 
for  as  inpatients  at  a  separate  but  altiliated  hospital. 

Tracheotomy  is  performed  in  the  operating  room  by  sur- 
geons from  the  Departments  of  General  Surgery.  Otolaryn- 
gology/Head-Neck  .Surgery  (OTO/HNS).  Neurosurgery.  Oral 
and  Maxillofacial  Surgery  (OMFS).  and  Burn  Surgery.  In  pa- 
tients on  nonsurgical  services,  the  procedure  is  most  often  per- 
formed by  the  OTO/HNS  service  in  consultation  vv  ith  the  at- 
tending, or  primarv .  physician.  The  tracheosti>iiiy  is  managed 
either  by  the  attending  physicians  or  by  the  cimsulting  sur- 
geons v\ho  performed  the  procedure.  There  is  no  fixed  pol- 
icy for  the  care  of  patients  with  pre-existing  tracheostomies; 
they  are  cared  for  by  the  attending  service  admitting  them. 
Orders  pertaining  to  tracheostomy  care  are  generally  written 
by  the  managing  physicians.  Although  members  of  the  Res- 
piratory Care  Department  often  participate  in  tracheostomy 
management,  during  the  study  period  there  was  no  require- 
ment or  fixed  protocol  for  their  involvement.  Members  of  the 
Department  of  Speech  Pathology  are  often  asked  to  perform 
swallowing  e\'aluations  as  part  of  the  assessment  for  de- 
cannulation.  but  this  also  is  not  standardized. 

To  better  characterize  cuirent  tracheosioms  care  in  this  set- 
ting, we  reviewed  the  medical  records  of  all  patients  vsho  un- 
derwent tracheotomy  or  were  recorded  as  having  a  trache- 
ostomy at  our  institiuion.  during  a  recent  I -year  period.  We 
sought  to  determine  hov\  many  such  patients  were  cared  for 
in  our  hospital,  what  their  primary  and  tracheostomy-relat- 
ed  diagnoses  vserc,  u hich  ser\  ices  performed  the  procedure 
ami  managed  the  tracheostomy  after\\  aids,  and  v\  hat  the  clin- 
ical outcomes  of  these  admissions  were.  We  also  e\aluated 
the  adequacy  of  documentation  of  orders  and  progress  notes 
related  to  the  tracheostomy.  In  patients  who  underwent  de- 
caiiniilalion  during  Ihc  hospitalization,  we  looked  for  docu- 
mentation ol  in\ol\emcnt  by  respiratory  care,  speech  pathol- 
ogy, and  other  considting  ser\  ices  in  this  process. 

Materials  &  Methods 

All  hospital  inpatient  admissions  between  .luly  I.  1992, 
and  June  30.  1993.  were  cimsidered  for  the  study.  Patients 
were  identified,  through  discharge  diagnosis  and  procedure 
codes,  as  either  having  undergone  a  tracheotomy  during  the 
hospitalization  or  having  a  tracheostomv  at  the  time  of  ad- 
mission. Tlie  chiuls  were  re\  iewed  by  two  of  the  authors  (CT.K 
and  CRS),  and  data  were  recorded.  Data  were  collected  under 
the  general  headings  of  patient  demographics,  admitting  di- 
agnosis, medical  informaliim  and  ICL'  care,  tracheostomy 
data,  and  data  from  swallov\  e\  aluation  or  other  s[vech-pathol- 
oiiv  assessments. 


Data  were  then  transcribed  to  computer  sheets  and  an- 
alyzed. Data  were  entered  into  a  relational  database  (R:Base, 
Microrim.  Bellevue  WA)  and  summarv'  statistics  generat- 
ed using  commercially  available  statistical-analysis  software 
(SAS  Institute.  Gary  NO. 

Results 

Patient  Demographics.  Diagnoses,  &  Outcomes 

Total  inpatient  admissions  during  the  stud\  period  were 
16.491.  We  coded  120  patients  as  either  undergoing  trache- 
otomy or  having  trachet)stomy  status.  Of  the  1 20  charts.  8  had 
been  miscoded  (no  evidence  of  tracheostomv  in  the  record), 
and  3  were  unavailable  for  re\  iew \  Thus,  the  study  popula- 
tion was  comprised  of  109  patients,  with  a  total  of  147  ad- 
missions, during  the  period  of  this  in\estigation  (Table  I ). 

Tahle  I .      Ttie  Distnhulum  of  Palients  in  Our  Sample  According  to  the 
Number  ol  .Admissions  during  the  Study  Period. 

Numbci  of  Admissions  n 


90 
11 
3 
1 
3 
0 
1 


Of  the  109  patients.  8 1  ( 749i-)  were  men  and  28  (26%)  were 
women.  Their  ages  ranged  from  1 3  to  83  years  (mean  [SD| 
=  44. .5  [19.8]  years).  Admitting  ser\  ices  and  diagnoses  for  the 
147  admissions  are  shown  in  Table  2. 

Table  2.      Admitting  Service  and  Patient  Diagnosis  (n  =  147 
Admissions  I 


Admitting  Ser\  ice 

.Admissions(n) 

'fn 

General  Surgery 

42 

28 

Medicine 

37 

25 

Neurosurgery 

29 

20 

Neurology 

16 

II 

OTO/HNS* 

12 

g 

Rehabilitation  Medicme 

7 

5 

Other 

4 

3 

.Admitting  Diagnosis 

Admissions 

(n) 

^n 

Trauma 

62 

42 

Strokes  &  Other  CNS*  Events 

IS 

12 

Pneumonia 

16 

II 

Malignancies 

13 

9 

Other 

neck  surgery 

38 

;  CNS  =  ccnlr. 

il  ncrvf 

26 

•OTO/HNS  =ololaryngology/head- 

)us  system. 
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Length  of  hospital  stay  for  the  147  admissions  ranged  from 
1  to  136  days  (mean  [SD]  =  32.4  [30.4|  days,  mediiui  24  days). 
Outcomes  of  hospitalization  are  shown  in  Table  3. 

Table  3.      Outcomes  of  Hospitalizations  (n  =  147  Admissions) 


Discharaed  to 


Admissions  (ni  '"rn 


Subacute  Care  Center 

Home 

Another  Acute  Care  Hospital 

Death  in  Hospital 

Nursing  Home 

Another  Institution 


.^7 
42 
18 
16 
7 
7 


.^9 
29 
12 
10 
5 
5 


Patients  were  managed  in  the  ICU  on  at  least  one  occa- 
sion during  100  of  the  147  admissions  (689^).  In  69  of  the  147 
admissions  (479f ).  the  patient  was  receiving  ventilatory  sup- 
port at  the  time  of  admission  to  the  hospital,  and  patients  un- 
derwent  mechanical  \ entilation  at  some  time  during  their  stay 
in  92  admissions  (63'f ).  Patients  met  diagnostic  criteria  for 
the  acute  respiratory  distress  syndrome'-'"  during  13  admis- 
sions (9%).  Of  the  93  patients  who  underwent  tracheotomy 
in  our  institution.  63  (68%)  were  receiving  ventilatory  sup- 
port at  the  time  of  the  procedure. 

In  64  of  the  93  admissions  {689c)  m  which  mechanical  ven- 
tilation was  required,  the  patient  could  not  be  weaned  from 
ventilatory  support  during  that  hospitalization.  Ultimate  dis- 
position for  these  64  admissions  is  illustrated  in  Table  4. 

Table  4.      Ultimate  Disposition  in  64  Patients  Who  Weaned  from 
Ventilator.'  Support 


Disposition 

.Admission  Inl 

'^n 

Home 

24 

37 

Long-Term  Subacute-Care  Facility 

21 

33 

Death  in  Hospital 

9 

14 

Another  Hospital 

5 

8 

Nursing  Home 

5 

8 

Tracheotomy  Indications  &  Circumstances 

Tracheotomies  were  performed  during  93  (63%)  of  the 
147  admissions,  and  a  tracheostomy  was  already  in  place 
on  54  admissions.  For  the  93  procedures,  the  primary  in- 
dications varied  considerably,  as  shown  in  Table  5.  About 
three  fourths  of  the  patients  had  the  procedure  because  of 
the  need  for  prolonged  ventilatory  support,  extensive  facial 
injuries,  closed-head  injury,  or  other  severe.  central-ner\'ous- 
system  condition — all  in  nearly  equal  proportions — reflecting 
our  institution's  status  as  a  Level- 1  trauma  center.  Elective 
head  and  neck  surgery  for  malignancy  and  other  disorders 
accounted  for  only  6  procedures.  Acute  spinal-cord  injury 
requiring  ventilatory  support  was  the  indication  for  tra- 
cheotomy in  5  instances.  Three  patients  underwent  tra- 


cheotomy because  of  acute  epiglottitis  and  7  because  of  one 
of  a  variety  of  other  disorders. 

Table  5,      Indications  for  Tracheotomy  (n  =  147) 

Diaanosis  '^m 


Facial  Fracture 

Prolonged  Ventilation 

Closed  Head  Injury 

Other  CNS*  Event 

Other 

Elective  Head  and  Neck  Surgery 

Spinal  Cord  Injury 

Epiglottitis 


21 

21 

20 

16 

8 

6 

5 

3 


'Central  nenous  svslcm 


All  but  2  of  the  93  tracheotomies  done  in  our  institution 
were  performed  in  the  operating  room.  One  was  performed 
in  the  emergency  department,  and  one  in  the  intensive  care 
unit.  One  emergencN  tracheotomy  was  perfomied  in  the  tleld 
prior  to  arrival  at  our  institution  (with  subsequent  operative 
revision).  On  six  occasions  patients  were  transfeired  to  our 
facility  having  undergone  tracheotomy  at  the  refeiring  hos- 
pital. When  tracheotomy  was  carried  out  at  our  hospital,  it 
was  performed  by  OTO/HNS  in  43  of  93  instances  (46%), 
by  general  surgery  in  25  (27% ).  by  neurosurgery  in  20  (22%), 
by  burn  surgery  in  3  (3% ).  and  by  OMFS  in  2  (2%). 

Tracheostomy  Management  &  Documentation 

Overall.  98  of  147  charts  (67%)  contained  physician  or- 
ders, and  124  of  147  (84%)  had  progress  notes  pertaining  to 
the  tracheostomy  (Tables  6  &  7).  A  service  other  than  the  pa- 
tient's primary  managing  service  was  consulted  about  the  tra- 
cheostomy (including  consultations  for  performance  of  the 
procedure)  on  53  of  147  admissions  (36%). 


Table  6. 

Orders  Pertaining  to  Tracheostomy  Management,  by  Service 

Senice 

.Admissions  In)            'in 

OTO/HNS* 

General  Surgery 
Neurosurgery 

*Otolar\n20loi:v/licad-nec);  sur2er\ 


37/43 

86 

18/25 

72 

14/20 

70 

Table  7.      Prosress  Notes  Pertaining  to  Tracheostonn .  b\  Service 


Service 


Admissions  I  n )  '<  n 


OTO/HNS* 
General  surgery 
Neurosurgery 

*OtoIar\n2olo2v/)iead-neck  surgery 


42/43 

98 

21/25 

84 

17/20 

85 
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Charts  from  100  of  147  admissions  (68'7f)  contained  notes 
by  a  respiratory  care  practitioner.  Cuff  volume  was  mentioned 
in  81  of  tliese  notes  (SF/f ),  ;uid  cuff  pressure  in  88  (889^ ).  When 
the  tracheotomy  had  been  performed  during  the  cunent  ad- 
mission, the  first  Respiratory  Care  Department  note  appeared 
3.2  [5.5|  days  (mean  |SD|)  after  the  procedure  was  peifonned. 

Decannulation 

The  patient  was  successfully  decannulated  on  ii  of  147 
admissions  (22%).  Decannulation  was  accomplished  by  mem- 
bers of  the  Respiratory  Care  Department  in  13  cases,  by  the 
managing  physicians  in  13,  and  by  a  consulting  service  (gen- 
erally OTO/HNS)  in  6:  we  were  unable  to  tell  in  1  instance 
who  decannulated  the  patient. 

Swallowing  evaluations  were  made  during  60  admissions 
(41%).  and  the  patient  was  considered  to  have  successfully 
■passed"  the  evaluation  in  26  instances  (43%  ).  Written  rec- 
ommendations of  the  speech  pathologist  were  followed  by 
the  primary  service  in  57  of  the  60  instances. 

Discussion 

In  our  university  teaching  hospital  and  Level- 1  trauma  cen- 
ter, Uaclieotomy  is  perfomied  for  a  w  ide  variety  of  indications, 
and  the  operation  is  performed  by  surgeons  on  5  different 
services.  Usually,  general  surgeons  perform  tracheotomies 
for  their  patients,  as  is  also  the  case  with  the  burn  surgery 
and  OMFS  services.  The  Medicine,  Neurology,  and  Neu- 
rosurgery services  generally  consult  OTO/HNS  for  perfor- 
mance of  the  operation,  and  a  substantial  number  of  patients 
are  also  admitted  to  this  service.  A  tracheostomy  was  already 
present  prior  to  coming  to  our  hospital  in  about  one  fourth 
of  inpatient  admissions  involving  tracheostomy,  and  patients 
with  tracheostomies  are  admitted  to  every  clinical  service. 
Our  patients  ranged  widely  in  age  with  a  mean  of  44  years, 
and  the  majority  of  them  (74% )  were  men. 

The  largest  single  group  of  patients  in  this  study  was  made 
up  of  those  admitted  for  trauma,  as  reflects  the  nature  of  our 
institutit)n.  However,  there  is  no  set  policy  to  dictate  a  trache- 
ostomy for  patients  who  have  injury  of  a  certain  severity,  as 
has  been  advocated  by  some.*''  and  the  procedure  was  per- 
formed when  dictated  by  the  judgment  of  the  individual  at- 
tending trauma  surgeon. 

There  is  little  recent  information  in  the  literature  on  the 
spectrum  of  primary  diagnoses  in  patients  with  trache- 
ostomies or  the  indications  for  performing  tracheotomy  in 
a  general  hospital  population.  Previous  studies  have  tend- 
ed to  focus  either  on  aspects  of  the  surgical  procedure  it- 
self 25.26,37  (,p|  complications.'-*-''-'''"'""'*-*  or  on  tracheostomy 
in  specific  patient  populations,  such  as  those  w  ith  trauma.'-"' 
head  injury,'"  '-^"  spinal  cord  injury,'-  burns,' '  or  Guillain- 
Barre  syndrome." 

The  nature  of  primary  diagnoses  encountered  in  children 


v\  ith  tracheostomy  seems  to  be  different  from  that  seen  in  our 
adult  patients."*-"-'  A  review  of  3 1 9  children  who  underwent 
tracheotomy  at  the  Hospital  for  Sick  Children  in  Toronto  over 
a  1 0-year  period'"  revealed  primary  diagnoses  of  airway  ab- 
normalities in  41%.  craniofacial  abnormalities  in  27%,  cen- 
tral nervous  system  disease  in  18%.  and  infectious  diseases 
in  14%.  Most  of  the  patients  in  this  series  (70%)  had  airway 
obstruction  as  the  direct  indication  for  tracheotomy;  facili- 
tation of  tracheobronchial  toilet  was  the  indication  in  20%, 
and  prolonged  mechanical  ventilation  in  10%.'"  In  another 
series  of  108  pediatric  tracheostomies,  85  of  them  in  infants 
<1  year  of  age.  Simmaet  al-'  reported  the  indications  for  the 
procedure  to  be  acquired  subglottic  stenosis  in  3 1 '/( ,  bilateral 
vocal  cord  paralysis  in  22%,  congenital  airway  malformations 
in  22%.  and  tiunors  in  11%. 

In  the  onl\  other  recent  study  to  examine  tracheostomy 
practice  in  adult  patients  in  a  general  hospital  setting,  Zeitouni 
and  Kost  revieweil  28 1  patients  with  tracheostomies  at  2  liU'ge 
teaching  hospitals  in  Montreal.'"  The  average  age  of  their  pa- 
tients was  60  years,  and  64%  were  men.  Tracheotomy  was 
performed  by  OTO/HNS  in  57%  of  patients,  by  general 
surgery  in  24%.  by  cardiovascular  surgery  in  9%.  by  neuro- 
surgery in  5%,  by  plastic  surgery  in  2%,  and  by  OMFS  in 
0.35%.  In  comparison  with  our  results.  OTO/HNS  did  some- 
what more,  general  surgery  the  same  number,  and  neuro- 
surgery fewer  procedures;  there  is  no  cardiovascular  surgery 
ser\  ice  in  our  institution. 

Zeitouni  and  Kost  did  not  gi\e  the  primary  diagnoses  of 
their  patients  or  the  indications  for  tracheotomy.  However. 
56%  of  the  patients  were  in  the  ICL'.  and  the  tracheotomy  was 
generally  performed  "to  aid  in  pulmonary  toilet  and  wean- 
ing,"'" implying  that  the  need  for  prolonged  ventilatory  sup- 
port was  a  major  factor  in  the  decision  for  tracheotomy .  Ven- 
tilated patients  had  been  intubated  for  1-55  days  (me;in  18  days) 
at  the  time  of  tracheotomy.  In  the  entire  series,  the  procedure 
was  performed  electixely  in  88'/;  of  cases. 

The  need  for  prolonged  mechanical  \entilation.  v\hich  was 
the  only  indication  for  tracheotomy  in  one  reported  series.'"* 
was  the  reason  for  performing  the  procedure  in  only  2 1 9f  of 
our  cases.  This  most  likel\  reflects  both  the  acute-care  char- 
acter of  our  institution  and  the  prevailing  practice  of  main- 
taining translaryngcal  intubalion  for  as  long  as  6  weeks,  and 
even  longer,  in  patients  for  uhom  extubalion  is  a  reasonable 
expectation  w  ilhin  another  7- 1 0  days. 

Ihcre  are  se\eral  potential  limitations  to  our  study.  Data 
gathered  retri)specti\ely  ver\  likcls  underestimate  the  true  in- 
cidence of  such  complications  as  pneumonia,  hemoptysis,  and 
aspiration  of  gastric  contents,  and.  for  this  reason,  we  aban- 
doned our  initial  plan  \o  include  complications  in  our  stud\ 
results.  .Altera  preliminarx  resiew  of  lOcharls  b\  2  of  us  to 
ensure  that  data  were  recorded  in  the  same  manner.  e\eiA  sub- 
sequent chart  v\as  reviewed  by  only  one  investigator,  thus, 
mistakes  or  subjective  judgments  by  that  single  individual  could 
ha\e  affected  the  results. 
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Although  we  did  not  document  any  differences  in  com- 
plications related  to  w  hich  hospital  serv  ice  cared  for  the  pa- 
tient with  a  tracheostomy,  the  large  number  of  specialties  and 
individual  caregi\'ers  raises  the  possibility  that  not  all  of  them 
ha\e  equix alent  expertise  in  tracheostomy  management.  Table 
8  demonstrates  the  actual  and  recommended  incidence  of  notes 
in  the  medical  records  pertaining  to  tracheostom\  manage- 
ment. These  data  again  point  to  the  need  for  a  consistent  mech- 
anism to  manage  all  patients  with  tracheostomies.  Trache- 
ostomy care  has  long  been  considered  a  fundamental  skill 
for  respiratory  care  practitioners.''-^'  The  respiratory  care 
department  would  thus  seem  a  logical,  unifying  resource  in 
the  care  of  all  tracheostomized  patients,  regardless  of  their 
primary  diagnoses  or  the  serv  ice  responsible  for  their  over- 
all management. 

Table  8.      .Acliiul  and  Recommended  Incidences  of  Notes  in  the  Medical 
Record  Pertaining  To  Establishing  and  Maintaining 
Tracheostomies 


Variable 


Actual 


Recommended 


Cuff  Volume  Noted 
Cuff  Pressure  Noted 
MD  Older  Present 
Progress  Notes 
First  RCP  Note 

*mean  |SD| 


687c 

100% 

88% 

100% 

67% 

100% 

84% 

100% 

3.2  15.?]  days* 

by 

'  24  hours 

The  knowledge  and  skills  of  otolaryngologists,  who  deal 
more  with  upper-airway  problems  than  do  any  other  medi- 
cal specialists,  should  be  available  to  patients  with  trache- 
ostomies if  needed,  as  should  access  to  ptilmonary-  and  crit- 
ical-care physicians  and  anesthesiologists.  In  addition,  because 
of  the  frequency  and  importance  of  swallowing  problems  in 
patients  with  traciieostomies.^-  and  the  importance  of  adequate 
swallowing  function  in  successful  decannulation.""  there  is 
a  natural  role  for  speech  pathologists  in  tracheostomy  man- 
agement. A  care  map  or  clinical  pathway  that  included  a  mul- 
tidisciplinary  'trach  team'  to  oversee  tracheostomy  management 
and  provide  a  resource  for  preventing  and  dealing  with  prob- 
lems, coordinated  through  the  respiratory  care  departtnent. 
would  thus  appear  to  be  desirable  in  a  hospital  such  as  ours. 
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Consideration  of  the  International  Standard  for  Airway  Hinnidification 
Using  Simulated  Secretions  in  an  Aitificial  Airway 

Hideki  Miyao  MD,  Kiusiuuki  Mivasaka  MD,  Torn  Hiiokawa  MD,  and  Taro  Ivuvazoe  MD 


BACKGROUND:  The  use  of  humidifiers  with  a  heating  wire  incorporated 
into  the  inspiratory  limb  of  the  ventilator  circuit  has  l)ecome  commonplace 
in  mechanical  ventilatory  support.  The  heating  wire  in  the  circuit,  howev- 
er, may  represent  a  potential  hazard  with  regard  to  inspissation  of  secretions 
in  the  upper  airway,  especially  in  an  artificial  airway,  due  to  reduced  rela- 
tive humidity.  The  current  International  Standard  for  airway  humidifica- 
tion  specifies  only  absolute  humidity  ( AH)  v\ithout  regard  for  relative  humidity 
(RH)  or  temperature.  We  studied  whether  either  RH  or  the  temperature  range 
mid  AH  should  be  specified  in  the  Standard  to  maintain  adequate  RH.  METH- 
ODS &  MATERIALS:  Five  kinds  of  gases  with  various  humidities  were  passed 
through  an  endotracheal-tube  model,  in  which  a  brown  water-soluble  gel  on 
dry  filter  paper  was  used  as  a  substitute  for  secretions.  Because  the  gel  was 
hydrated  by  moisture  from  the  delivered  gas,  the  gel  melted  and  a  brown  stain 
spread  over  the  dry  filter  paper  to  the  extent  that  the  gas  could  hydrate  the 
gel.  The  stains  were  measured  and  the  stained  area  calculated  by  comput- 
er. The  extent  of  each  stained  area  was  assessed  with  respect  to  RH,  AH,  and 
temperature  of  the  gas.  RESULTS:  Ciases  satisfying  the  recommendations 
of  the  International  Standard  (ie,  AH  >  30  mg  H2O/IJ,  but  with  low  RH,  were 
no  more  advantageous  for  hydrating  the  gel  than  a  gas  (AH  <  30  mg  HiO/I.) 
saturated  with  water  vapor  (ie,  RH  =  100%  ).  The  extent  to  which  the  brown 
water-soluble  gel  stained  an  increasing  area  of  filter  paper,  which  we  assessed 
as  the  ability  to  provide  humidification,  was  almost  directly  proportional  to 
RH  rather  than  AH  or  temperature.  CONCLUSION:  The  current  International 
Standard  for  humidification  of  bypassed  airways  should  specify  either  RH 
or  the  temperature  range  with  AH  of  the  delivered  gas.  [Respir  Care  1996: 
41(1):43-49| 


Introduction 

Airway  obstmctioii  due  to  consolidation  of  airoay  secretions 
has  been  experienced  occasionally  in  oui-  institution  since  the 
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introduction  of  humidifiers  with  heating  wires.'  Such  prob- 
lems had  not  been  encountered  befcwe  their  introduction.  We 
speculated  that  these  problems  were  caused  by  a  reduction 
in  the  relalise  humidity  (RH)  of  the  delivered  gas.  In  fact,  the 
RH  of  gas  passing  through  inspiratory  tubing  of  a  system  in- 
corporating a  humidifier  w  ithout  a  heating  wire  is  higher  than 
the  RH  of  gas  passing  through  tubing  with  a  heating  wire.- 
In  a  previous  paper,'  we  showed  that  a  gas  w  ith  low  RH  de- 
hydrated a  tracheal  model  to  a  greater  extent  than  a  gas  with 
high  RH.  despite  their  having  the  same  AH.  This  showed  the 
dehydrating  effects  of  gases  using  a  tracheal  model.  In  the  pre- 
sent study,  we  focused  on  the  hydrating  effects  of  gases  using 
a  endotraeheal-tube  model. 

The  International  Oriianizalion  for  Standardization  (ISO) 
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states  "Humidifiers  may  be  used  in  patients  whose  upper  air- 
way has  been  bypassed  by  a  tracheostomy  or  tracheal  tube. 
Under  these  conditions.  30  mg/L  (30g/m')  is  considered  to 
be  the  minimum  amount  of  water  necessary  to  prevent  in- 
spissation  oi' secretions  and  mucosal  damage."'"*  The  Amer- 
ican National  Standards  Institute  (ANSI)  also  states  "For  de- 
vices that  bypass  the  subject's  upper  airway,  a  fluid  output 
of  30  mg/L  shall  fall  within  the  operating  range.  A  heater  may 
be  used  for  this  purpose."^  These  two  Standards  do  not  spec- 
ify the  RH  or  the  temperature  of  a  gas.  AH.  RH,  and  temper- 
ature are  interdependent,  such  that  setting  any  two  of  these 
three  values  detennines  the  remaining  value.  We  contend  that 
because  a  gas.  described  by  only  one  of  these  three  factors, 
is  able  to  have  various  levels  of  heat  energy  that  may  dehy- 
drate secretions,  at  least  two  of  the  values  should  be  speci- 
fied in  the  Standards.  The  content  is  important  because  hu- 
midification  systems  are  designed  by  manufacturers  in  ac- 
cordance with  the  Standards.'"  For  instance,  the  machine  used 
in  the  present  study  is  one  of  the  most  recent  models  and  has 
a  dial  that  allows  the  RH  to  be  inadvertently  adjusted  to  an 
unallowable  level  (<  60%). 

Any  gas  delivered  at  less  than  body  temperature  inevitably 
causes  some  loss  of  water  from  the  airway  mucosa  until  the 
gas  is  able  to  contain  -14  mg/L  of  water  vapor  (ie.  until  the  in- 
spired gas  reaches  the  saturation  point  of  44  mg/L  at  37"  C). 
Therefore,  under  dehydrating  conditions,  it  is  important  to  know 
where  the  most  dehydration  (K-curs.  The  removal  of  water  main- 
ly from  the  upper  airway  may  result  in  the  consolidation  of 
secretions  at  this  point  in  the  airway  because  the  total  mucosal 
surface  area  in  the  upper  airways  is  smaller  than  that  in  the 
peripheral  airways.  The  purpose  of  this  study  was  to  clarify 
experimentally  whether  RH  or  AH  is  the  dominant  factor  con- 
tributing to  moistiirization  of  secretions  in  the  tracheal  tube. 

Methods 

Healed  humidifiers  ■"  with  a  heating  wire  circuit  or  u  ilh- 
out  a  heating  wire  system  were  connected  to  a  ventilator  in 
a  room  with  an  ambient  temperature  of  24  '  C.  The  humid- 
ification  chamber  was  supplied  with  distilled  water  by  con- 
tinuous drip  without  changing  the  water  level  or  tempera- 
ture throughout  the  experiment.  An  endotracheal-lube  model 
was  constructed  from  a  corrugated  breathing  lube  LS  cm  in 
length  and  2.2  cm  in  diameter,  in  which  round  filter  paper 
(9-cm  diameter)  was  inserted  and  put  in  contact  w ith  the  inner 
surface  of  the  tube.  As  a  substitute  for  secretions.  0.5  mL  of 
water-soluble  povidone-iodine  ointinent  gel  (Lsodine  gel") 
was  put  on  the  dry  filter  paper  in  the  endotracheal  tube.  The 
gel  was  positioned  on  the  filter  paper  v\'ith  a  2.5-mL  plastic 
syringe,  taking  care  to  make  each  surface  area  constant  (5 


mm  in  height  and  hemispheric  in  shape)  and  was  positioned 
at  the  lowest  point  in  the  endotracheal  tube  in  order  to  elim- 
inate gravitational  variables.  The  endotracheal-tube  model 
was  connected  to  a  breathing  circuit  in  which  the  exhalation 
valve  was  occluded  (Fig.  1 ).  Five  types  of  pure  oxygen  gas 
were  passed  through  the  endotracheal  tube  for  60  minutes 
at  a  continuous  How  of  30  L/min  after  measuring  the  tem- 
perature and  RH  of  these  gases  at  the  midpoint  of  the  endo- 
tracheal-tube model  with  an  electric  hygrometer  that  had  been 
calibrated  by  the  method  specified  in  JIS  Z880O  (6-2-2).  using 
saturated  salt  solutions.'' 


Heating  Wire 


_j<2SZSZSI 


MR730 


Chamber  '" 
Temperature  Probe 

Circuit 
Temperature  Probe 

Temperature 
Control  Dial 

~  Chamber  Control  Dial 


Gel  on  Filter 
Paper 


Endotracheal 
Tube  Model 


*  Products  iind  suppliers  arc  identified  in  the  I'mducl  Sources  section  al 
the  end  olllie  le\l. 


Fig,  1 ,  Experimental  set-up.  Circuit  temperature  is  set  by  tempera- 
ture control  dial  ranging  from  30  C  to  39"  C.  Humidification  cham- 
ber temperature  is  set  by  chamber  control  dial  ranging  from  -5  to 
+2.  Circuit  temperature  =  36  C,  Chamber  control  dial  =  -5  means 
that  humidification  chamber  temperature  is  at  31  C  and  heating 
wire  heats  gas  to  36  C  at  circuit  temperature  probe. 

Gas  1  was  a  dry  gas  that  bypassed  the  humidifier.  Gas  2 
passed  through  a  humidifier  with  a  heating  wire  circuit.  The 
circuit  teniperature  (measured  by  a  temperature  probe  located 
about  10  cm  from  the  patient  connection  port.  Fig.  1 )  was  set 
at  36°  C.  The  chamber  control  dial  was  set  at  -5.  meaning  that 
the  humidification  chamber  temperature  was  at  3  P  C  and  the 
heating  wire  heats  the  gas  up  to  36  '  C.  Gas  3  passed  through 
a  humidifier  with  a  heating-wire  circuit.  The  circuit  temivrature 
w  as  set  at  39'  C  and  the  chamber  control  dial  at  -3.  mean- 
ing that  the  humidification  chamber  temperature  was  at  34°  C. 
and  the  heating  wire  heated  the  gas  to  39°  C.  Gas  4  passed 
through  a  humiilifier  with  a  heating-wire  circuit.  The  circuit 
temperature  v\  as  sel  al  36  '  C  and  the  chamber  control  dial  at 
-1.  meaning  that  humidification  chamber  temperature  was 
at  35"  C  and  the  healing  w  ire  healed  the  gas  to  36°  C.  Gas  5 
passed  through  a  heated  humidifier  without  a  heating-wire 
circuit.  The  chamber  control  dial  w as  set  at  8.5.  which  was 
merely  an  arbitrary  indicator  of  humidificalion-chambcr  tem- 
perature found  on  this  particular  humidilier.  To  pre\eiil  the 
condensate  in  the  circuit  from  entering  the  endotracheal-tube 
model,  the  circuit  was  positioned  belov\,  the  model.  The  tem- 
peratures mentioned  were  the  dial  settings.  Actual  temper- 
ature and  humidity  were  meiLsured  at  the  midpoint  of  the  model 
w  ilh  the  electric  h\  urometer. 
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After  a  1  -hour  exposure  to  each  gas.  the  filter  paper  was 
removed  from  the  model  and  the  portion  of  filter  paper  in- 
filtrated by  the  water-soluble  gel  was  photographed.  The  di- 
mensions of  the  solid  gel  was  subtracted  from  those  of  tlie  stain. 
Areas  were  calculated  by  computer  using  area-calculation  soft- 
ware called  NIH  Image. 

Three  other  trials  were  carried  out  to  eliminate  the  effect 
of  temperature  and  spontaneous  melting  of  the  gel  itself  First. 
a  dry  gas  was  passed  through  a  humidifier  with  a  heating-wire 
circuit  and  humidification  chamber  with  no  water.  The  cir- 
cuit temperature  was  set  at  39°  C,  and  the  chamber  control 
dial  at  -5.  Second,  a  gel  on  filter  paper  (the  control)  was  left 
alone  in  the  model  for  1  hour  at  an  ambient  temperature  of 
24°  C.  Third,  a  gel  on  filter  paper  was  left  alone  for  24  hours 
at  24°  C. 

Tlie  AH  was  calculated  based  on  the  fomiula  in  Helmliolz"s 
work**  that  shows  the  relation  between  temperature,  water  con- 
tent, and  \apor  pressure  in  a  saturated  gas. 

AH  =  [water  conlcnt  in  saturated  gas  at  T  (°C)]  xRH/IDO. 

where;  AH  =  absolute  humidity  in  mg/L.  T  (°C)  =  temper- 
ature at  the  midpoint  of  the  endotracheal-tube  model,  and  RH 
=  relative  humidity  in  %. 


that  of  Gas  3.  The  conditions  used  to  obtain  the  data  in  this 
figure  were  within  the  limits  recommended  by  the  operation 
manual  of  the  equipment."'  Figure  2(e)  shows  the  gel  molt- 
ed. The  stained  iuea  is  d:e  largest  among  the  5  gases.  Although 
water  infiltrated  over  the  brown  stained  area  of  Figure  2(e), 
the  value  of  this  stained  area  (Table  1 )  does  not  include  this 
water  infiltration.  Many  droplets  of  water  condensate  formed 
in  the  circuit  of  Gas  5  but  not  in  the  breathing  tube  for  the 
four  other  gases.  In  other  words.  Gas  .S  was  fully  saturated 
with  water  vapor. 
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Results 

Table  1  shows  the  actual  temperature,  RH  measured  at  the 
midpoint  of  the  endotracheal-tube  model  by  the  electric  hy- 
grometer, the  calculated  AH,  and  the  area  values  of  stained 
filter  paper  for  five  types  of  gases.  Gas  I ,  Gas  2,  and  Gas  .S 
did  not  satisfy  the  recommendations  of  the  International  Stan- 
dard; that  is,  their  AHs  were  lower  than  30  mg/L. 

Figures  2,  (a),  (b),  (c),  (d),  and  (e)  show  the  gel  on  the 
filter  paper  after  I  hour  of  exposure  to  Gases  1,2,3.4,  and 
.">,  respectively.  Figure  2(a)  shows  that  the  gel  absorbed  no 
water.  Figure  2(b)  shows  that  the  gel  coagulated  as  in  Fig- 
ure 2(a),  and  there  is  a  small  stain  around  the  gel.  Figure  2(c) 
shows  some  stain  around  the  gel.  Figure  2(d)  shows  the  gel 
melting  to  a  certain  degree,  with  a  larger  stained  area  than 


(d) 


(e) 


Fig.  2.  Ointment  gel  on  dry  filter  paper  after  1-fiour  exposure  to 
each  gas.  (a)  25.5'  C  dry  gas  (Gas  1).  Humidifier  not  used,  (b)- 
(d):  Gases  2-4.  36  C;  -5  indicates  set-temperature  and  chamber 
control  dial  of  MR730.  Actual  temperature  differed  from  this  set- 
ting. Details  are  described  in  Table  1,  (e)  Gas  5,  28  C  indicates 
actual  temperature  at  midpoint  of  endotracheal  tube  model. 
HW(-)  indicates  breathing  tube  without  heating  wire.  Humidifier 
used  was  MR428. 


Figure  3  shows  that  the  stained  areas  of  Gas  2,  3,  4,  and 
5  are  almost  in  direct  proportion  to  RH,  but  not  to  AH  or 
temperature. 

The  stained  areas  of  both  the  39°  C  dry  gas  and  the  con- 
trol were  virtually  identical  to  that  of  Gas  1 .  The  24-hour  ex- 


Table  I .      Temperature  (al  Humidifier  Chamber.  Circuit,  and  Tracheal  Model  1.  Relative  Humidity.  Calculated  Absolute  Humidity,  and  .Stained  Area  lor 
Each  Gas. 


Chamber 

Circuit 

Tracheal  Model 

Relative 

Absolute 

Stained 

Humidifier 

Temperature 

Temperature 

Te 

mperature 

Humidity 

Humidity 

Area 

CO 

CO 

CO 

O) 

(mg/L) 

(cm') 

Gas  1 

NA* 

NA 

NA 

25.5 

4.5 

l.l 

0.0 

Gas  2 

MR7,W 

31.1 

36.0 

35.5 

58 

23.6 

0.6 

Gas  3 

MR7.in 

.W.3 

.W.2 

38.U 

66 

M).5 

2.0 

Gas  4 

MR730 

3.S.0 

3.'i.9 

35.0 

80 

31.7 

8.7 

Gas  5 

MR428 

NA 

NA 

28.0 

100 

27.2 

17.2 

»NA  = 

not  applicable. 
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posure  ot  the  gel  in  room  air  re\ ealed  that  the  stained  area  was 
\irtually  identical  to  that  of  Gas  4. 

Discussion 

It  mav  he  helpful  to  reiterate  the  relationship  between  hu- 
midity and  temperature  for  the  puipose  of  discussion.  Absolute 
humidity  is  the  amount  of  moisture  present  in  a  volume  of  gas 
and  is  described  in  terms  of  mg/1.  or  mg  H2O/L.  Relative  hu- 
midity is  the  ratio  of  the  anK)unt  t)f  moisture  in  the  gas  to  the 
maximum  amount  that  the  gas  can  contam  at  the  same  tem- 
perature, stated  as  a  percentage.  As  the  temperature  goes  up. 
AH  remains  constant,  but  RH  is  reduced  because  the  amount 
of  water  in  the  gas  remains  unchanged,  whereas  the  maximum 
amount  that  the  gas  can  contain  has  increased. 

Pliysiology 

hi  normal  nasal  respiration,  inspired  gas  in  the  subglottic 
region  has  a  temperature  of  32-34"  C,  a  RH  of  100%  and  an 
AH  of  36-40  mg/L.'"  or  a  temperature  of  32.3  ±  0.8°  C  and 
a  RH  of  98-99'/r."  it  should  be  noted  that  the  gas  is  almo.st 
completely  saturated  (98-100%  RH).  Air  is  inspired  acro.ss 
a  wide  range  of  temperatures  and  humidities,  but  alveolar  gas 
is  fully  saturated  with  water  vapor  at  bod\  temperature.  There- 
fore, a  gradient  exists  between  the  nose  and  the  point  called 
the  isothennic  saturation  boundary  (ISB)'-  where  inspired  gas 
reaches  37°  C  and  100';  RH  (44  mg/L).  This  is  thought  to 
be  just  below  the  carina  in  adults  normally,  but  the  exact  point 
varies  with  changes  in  heat  and  moisture  content  and  in  the 
tidal  volume  of  inspired  gas.  Abt)\ e  the  ISB,  the  airway  acts 
as  a  countercurrent  heal  and  moisture  exchanging  system  fa- 
cilitated by  turbulent  gas  flow ."  Turbulence  that  occurs  in 
the  upper  ainvay  is  an  impoilani  factor  in  pronKHing  the  rapid 
transfer  of  heat  by  convection  because  air  conducts  heal  poor- 
ly, and  radiation  is  a  relatively  slow  means  of  heat  exchange.''' 

Hndotraclical  intubation  b_\  passes  most  of  the  normal  heat 
and  moisture  exchanging  areas,  thus  eliminating  their  abil- 
ity to  conditii>ii  inspired  gases.  During  expiration,  gas  trom 
lower  in  the  lungs  (heated  to  core  temperature  and  lull_\  sat- 
urated w  iili  water  vapor)  gives  bolh  heat  and  water  (in  the  form 
of  condensation)  to  the  mucosa.  We  readily  admit  that  a  1- 
way  How  of  gases,  as  was  used  in  the  model,  does  not  mimic 
physiologic  conditions.  However,  if  such  a  countercurrent  sys- 
tem were  completely  satisfactory,  inspissation  of  secretions 
w  ould  never  occur,  ev  en  after  long-term  exposure  to  dry  gas, 
aiul.  conscqucntlv .  humiditlers  would  not  be  necessary.''  In- 
spissation of  secreiioiis,  therefore,  is  caused  primarily  by  the 
characteristics  of  the  inspired  gas.  This  is  the  reason  why  we 
adopted  the  unidirectional  gas  How  . 


Fig.  3.  Stained  area  versus  relative  humidity,  absolute  humidity, 
and  temperature.  Stained  areas  are  proportional  to  relative  humid- 
ity, not  to  absolute  humidity  or  temperature. 
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is  used,  it  is  not  necessary  to  set  the  lower  limit  of  RH  because 
RH  will  always  be  high.  The  reason  is  that  the  delivered  gas 
is  cooled  by  ambient  air  along  the  inspiratory  limb  of  the  cir- 
cuit, and  the  maximum  amount  of  water  vapor  that  the  gas 
can  contain  at  that  temperature  becomes  reduced,  resulting 
in  condensation  of  water  \apor  in  the  breathing  tube.  This 
means  100%  RH  at  the  given  temperature. 

A  heating-wire  system  was  developed  in  an  attempt  to  elim- 
inate the  condensate.  The  advantages  of  this  system  are  ease 
of  nursing,  a  possible  reduction  in  the  number  of  nosocomial 
infections  resulting  from  aspiration  of  contaminated  condensate, 
and,  most  importantly,  high  AH  of  the  delivered  gas.  How- 
ever, if  the  delivered  gases  are  heated  higher  than  the  tem- 
perature of  the  humidification  chamber,  it  can  make  RH  low 
enough  to  inspissate  secretions  in  the  upper  airway,  especially 
in  a  tracheostomy  tube  or  an  endotracheal  tube,  despite  the 
presence  of  high  AH. 

The  present  study  shows  that  the  stained  areas  infiltrat- 
ed by  the  water-soluble  gel  are  almost  directly  proportion- 
al to  RH,  not  to  AH  or  temperature.  This  suggests  that  RH 
is  the  dominant  factor  with  regard  to  the  dr\'ing'  or  moisturizing 
of  secretions  in  the  upper  airway.  Gas  5  (28^  C,  100%  RH, 
27.2  mg/L)  would  moisturize  the  secretions  at  the  proximal 
inlet  of  the  airway  despite  an  AH  of  27.2  mg/L,  which  does 
not  meet  the  Standards.  This  gas,  however,  will  in  turn  de- 
prive the  peripheral  airway  of  water  because  of  the  low  AH. 
It  should  be  noted  that  saturated  gas  (100%  RH)  has  no  abil- 
ity to  deprive  the  airway  of  water  until  it  is  warmed.  From 
the  physiologic  viewpoint,  when  this  gas  exits  the  tip  of  the 
endotracheal  tube,  heat  is  rapidly  transferred  to  the  gas  by 
turbulent  convection.  However,  RH  does  not  decrease  because 
the  turbulent  gas  also  contains  moisture  from  the  mucous  mem- 
branes. Saturated  gas  will  not  have  a  dehydrating  effect  until 
the  temperature  increases.  Such  a  gas  would  pass  through  the 
bronchial  tree,  removing  water  gradually  as  the  temperature 
approaches  the  isothermal  saturation  point  (37°  C,  44  mg/L). 
In  contrast.  Gas  3  (38°  C,  66%  RH,  30.5  mg/L),  which  meets 
the  standards,  already  has  the  potential  to  dehydrate  because 
it  is  not  saturated.  Therefore,  this  gas  deprives  more  water 
from  the  upper  airway  than  does  Gas  5.  Then,  secretions  in 
the  upper  airway  become  dry.  However,  Gas  3  removed  less 
water  (44  -  30.5  =  1 3.5  mg/L)  from  the  lung  than  Gas  5  (44 
-  27.2  =  16.8  mg/L).  Nevertheless,  Gas  5  had  a  much  su-onger 
ability  to  hydrate  the  gel  than  Gas  3  in  the  uppermost  part  of 
the  airway.  This  is  because  of  the  high  RH  of  Gas  5.  Figure 
4  shows  a  possible  AH  curve  and  mucosal  surface  area  that 
appears  to  have  received  little  discussion  in  the  literature,  ex- 
cept for  one  report'  saying  that  AH  is  essential  in  detennining 
the  total  amount  of  water  deprived  from  the  patient's  lung. 
and  that  RH  is  decisive  in  determining  the  location  where  most 
of  the  water  is  deprived.  Although  secretions  are  replenished 
with  water  vapor  during  the  expiratory  phase,  they  might  be- 
come dry  if  the  amount  of  water  removed  exceeds  the  amount 
replenished.  This  is  mainly  because  desaturation  of  the  in- 


spired gas  can  remove  more  water  and  partl>'  because  the  high 
temperature  of  the  inspired  gas  might  reduce  water  replen- 
ishment during  the  expiratory  phase  without  cooling  the  ex- 
pired gas.  Note  that  the  present  results  must  be  discussed  in 
relation  to  the  endotracheal  tube.  Figure  4  shows,  however, 
that  secretions  in  the  endotracheal  tube  could  be  exposed  to 
a  more  undesirable  environment  than  those  in  the  trachea  be- 
cause there  is  no  source  of  water  other  than  the  secretions. 
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Fig.  4.  Possible  absolute  humidity  (AH)  curve  of  Gas  3  and  Gas  5  in 
inspiratory  phase  and  total  circumference  of  airway.  Due  to  re- 
duced relative  humidity,  Gas  3  (38=  C,  66%.  30.5  mg/L)  has  greater 
ability  to  dehydrate  mucosa  than  Gas  5  (28  C.  100%,  27,2  mg/L). 
Gas  3  would  deprive  the  trachea  of  the  greatest  amount  of  water, 
resulting  in  steeper  rise  in  AH  in  this  area,  AH  increases  because 
water  is  supplied  from  tracheal  mucosa.  Mucosal  surface  area, 
which  is  not  proportional  to  total  cross-section  of  airway  but  to  total 
circumference,  rapidly  expands  from  carina.  Steplike  line  repre- 
sents total  circumference  of  airway  (calculated  by  multiplying  diam- 
eter X  n  X  airway  generation  number)  adapted  from  data  in 
Weibel's  work,''^^  which  shows  the  average  diameters  and  lengths 
of  Human  Adult  Airway  Model  "A,"  Right  side  of  vertical  axis  refers 
to  total  circumference  of  airway  in  mm.  Horizontal  axis  refers  to  dis- 
tance from  glottis  in  mm.  Mucosal  surface  area  is  calculated  by 
multiplying  circumference  by  distance;  mucosal  surface  area  can 
be  obtained  by  integrating  area  below  line  of  total  circumference  of 
airway.  If  speculation  about  shape  of  AH  curve  for  each  gas  is  cor- 
rect, amount  of  water  deprived  per  unit  area  of  tracheal  mucosa  by 
Gas  3  would  be  larger  than  that  by  Gas  5,  although  total  amount  of 
water  deprived  by  Gas  3  (13.5  mg/L  =  44  -  30,5)  is  actually  smaller 
than  that  deprived  by  Gas  5  (16.8  mg/L  =  44  -  27.2). 


Standards 

Ingelstedt."  Sara  and  Curie. '^  Chatburn  and  Primiano,'" 
and  Chatburn""  measured  the  temperature  and  RH  of  normal 
nasal  inspirations  in  the  trachea.  The  measured  RHs  are  all 
above  96%.  ISO  and  ANSI  only  recommend  that  AH  be  above 
30  mg/L.  The  A  ARC  (American  Association  for  Respiratory 
Care)  recommends  that  inspired  gas  be  delivered  at  33  ±  2°  C 
and  provide  a  minimum  of  30  mg/L  of  water  vapor. '"  These 
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values  conespoiid  U)  76-94%  RH.  Forbes ""'''  niHed  that  mucus 
flow  in  animals  was  not  affected  by  humidity  when  AH  was 
kept  above  33  mg/L  and/or  RH  was  >  75%.  These  findings 
arc  reflected  in  the  British  Standards.-"  These  standards  or 
guidelines  appear  to  be  based  on  the  findings  of  the  functions 
of  cilia  and  mucus  flow  in  the  presence  of  various  humidi- 
ty conditions.  The  ciliated  epithelium  and  mucous  membrane 
in  the  upper  airway  have  defensive  mechanisms  against  un- 
favorable circumstances,  eg,  sweeping  particles  and  coagu- 
lated mucus  out  of  the  respiratory  tract  anil  increasing  mucus 
production  and  mucus  How.  The  inner  surface  of  the  artifi- 
cial airway,  however,  becomes  easily  obstructed  w  hen  se- 
cretions in  the  artificial  airway  are  exposed  to  a  dehydrating 
condition.  Chatburn  and  Primiano,"'Chatbum,"'  and  Tsuda-' 
recommended  lOO'*  RH  for  bypassing  the  upper  airway.  We 
also  recommend  100%  RH,  and  a  small  quantity  of  con- 
densation in  the  inspiratory  limb  of  the  breathing  circuit  is 
the  only  reliable  indication  of  100%  RH  under  the  present  cir- 
cumstances. AH,  RH,  and  temperature  are  interrelated,  and 
once  any  two  of  these  three  factors  are  set,  the  third  one  is  de- 
termined; ie,  the  energy  level  of  the  gas  is  determined  by  any 
two  of  the  three  variables.  A  gas  described  by  only  one  vari- 
able, such  as  a  gas  with  an  AH  of  30  mg/L,  is  able  to  have 
various  energy  levels.  For  instance,  a  gas  with  an  AH  of  30 
mg/L  at  38°  C  has  higher  heat  energy  than  a  gas  with  the  same 
AH  at  30°  C.  It  is  this  heat  energy  that  deprives  the  artificial 
airway  of  water.  To  clarify  the  concept  of  thermal-energy  level 
of  a  gas.  we  believe  that  two  of  the  three  \  ariables  must  be 
specified  in  the  Standards,  as  is  the  case  in  the  AARC  Guide- 
line. In  contrast.  ISO  and  ANSI  Siand;uds  state  only  the  method 
for  measuring  water  content.  This  may  be  because  measur- 
ing the  RH  of  a  gas  is  technically  less  accurate  than  measuring 
the  AH.  Because  temperature  can  be  measured  accurately,  RH 
can  be  maintained  at  an  appropriate  level  by  adding  a  tem- 
pcraliue  specification  to  the  Standards. 

In  order  to  understand  the  factors  contributing  to  drying 
or  hydrating  of  the  secretions  in  the  artificial  airway,  it  is  first 
necessary  to  sinipiify  the  experimental  model.  Although  the 
methodology  used  in  the  present  stutly  has  several  limitations. 
v\e  belicNC  that  the  ideas  contained  in  this  study  expose  a  'blind 
spot"  in  daily  clinical  practice.  However,  before  the  results 
of  the  present  study  can  be  applied  to  clinical  practice,  in-vivo 
stiulies  and  further  investigations  of  appropriate  temperature 
anil  RH  are  necessary,  although  it  may  be  dilTicult  to  control 
all  the  conditions  that  determine  humidity. 

Conclusion 

Relali\c  huinidil\  is  the  predomiiianl  factor  when  it  comes 
to  humidifying  the  secretions  in  an  artificial  air\\a\ .  There- 
fore.  we  believe  that  the  current  International  Standard  for  hu- 
midification of  bypassetl  airways  should  sjiecifs  eitiier  the  rel- 
ative humidil\  or  tlie  temperature  range  miil  the  absolute  hii- 
midil\'  of  ihc  delivered  iias. 


PRODUCT  SOURCES 

Humiditlcalion  S.v.steni: 

Humidifier  vvilh  healing;  wire:  MR730-S.  MR428,  and  MR.^IO,  Fisher 
&  F^aykel.  Aiiekland.  New  Zealand 

Ventilator  &  Circuit: 

El.'iO  VenlilaUir  and  PBC  3()0A  Cireuil.  Newport  Medicaf  Instruments, 
Newpiirl  Beach  CA.  U.SA 

Endotracheal-Tube  Model  Made  from  Disposable  Corrugated  Circuit: 

(101849  Inspiron.  Lincohishire  IL,  USA 

F'ovidone-Iodine  Ointment  Gel: 

Isodine  gef ".  Meiji  Seika  Co.  Tokyo.  Japan 

Electric  Hygrometer: 

HMP  l.^.^Y.  Vaisara.  Helsinki.  Finland 

REFERENCE.S 

1 .  Mivao  H.  Hirokawa  T.  Miyasaka  K,  Kawazoe  T.  Relative  humid- 
ity, not  ahsolule  humidity,  is  of  great  imporlance  when  using  a  hu- 
midifier with  a  healing  wire.  Crit  Care  Med  1 992;20( 5 1:674-679. 

2.  Martin  C.  Papa/ian  L,  Perrin  G.  Performance  evaluation  of  three 
vaporizing  humidifiers  and  two  heat  and  moisture  exchangers  in 
patients  with  minute  ventifation  >!()  L/min.  Chest  1992;f02(5): 
1. 347- f. 350. 

3.  ISO  8 1 85: 1988(E)  60  Liquid  output,  pp  19,  Anne.v  O,  Humidifiers 
for  medical  use-Safety  requirements.  International  Organization  for 
Standardization.  1988. 

4.  ISO  81S.S:  1988(E)  6(1.  1  Liquid  output,  pp  14.  Section  10,  Humid- 
ifiers for  medical  use-Safety  requirements.  Intemalional  Organi/ation 
for  Standardization.  1988. 

5.  .ANSI  Z79.9-1979:  American  National  Standard  for  Humidifiers  and 
Nebulizers  for  Medical  Use  3. 1 . 1 .2, 3. 1 . 1  Fluid  Output.  3.  New  York: 
Requirements.  American  National  Standards  Institute.  1979:8. 

6.  Miyao  H.  Miyasaka  K.  Relative  humidity  with  heating  wire  (letter). 
Cril  Care  Med  1993:21{  10):1613-1615. 

7.  Greenspan  L.  Humidity  fixed  points  of  hinary  saturated  aqueous  so- 
lutions. J  Res  Nat  Bur  Stand  1 977:8 1 :86-96. 

8.  Helmholz  HF  Jr.  Burton  GG.  .Applied  humidity  and  aerosol  thera- 
py. In:  Burton  GG.  Hodgkm  JE  (editoisl.  Respiratory  care.  Philadel- 
phia: Lippincott  Co.  1984:379-394. 

9.  Using  the  Chamtier  Conu-ol.  MR7(K).  .MR72().  .\1R730. 7.3  respiratory 
humidifiers  operating  manual,  version  2.0.  Auckland.  New  Zealand: 
Fisher  &  Paykel  Co.  1992:26. 

10.  Chatburn  RL.  Primiano  FP  Jr.  .A  rational  basis  for  humidity  thera- 
py (editorial).  Respir  Care  1987;32(4):249-253. 

1 1 .  Ingelsteiil  S.  Studies  on  the  conditioning  of  air  in  the  respiratory  tract. 
Acta  Otolaiyngol  1955;131(suppl):7-55. 

1 2.  Dery  R,  Pclletier  J.  Jacques  .A.  Cla\et  M.  Houde  JJ.  Humidity  in  anaes- 
thesiology.  HI:  heal  ami  moisture  patterns  in  ihe  respiratory  tract  dur- 
ing anaesthesia  with  the  semi  closed  system.  Can  Anaesth  Sik-  J  1967; 
14(41:287-298, 

1 3.  Shelly  MP.  Lloyd  GM,  Park  OR.  A  review  of  the  mechanisms  and 
methods  of  humidification  of  inspired  gases.  Intensive  Care  Med 
1988:14(11:1-9. 

14.  Walker  JF.C.  Wells  RE  Jr.  Merrill  EW,  Heat  and  water  exchange  in 
the  respiratory  tract,  Amer  J  Med  1961:30:259-267. 

1 5.  Sara  C.  Cume  T,  Humiilificalion  b\  nebulization,  Med  J  Aust  1 965: 1 : 
174-179. 

16.  Chatburn  RL,  Physiologic  and  methodologic  issues  regarding  hu- 
midity therapy  (editorial),  J  Pediatr  1989:1  l4(3):4I6-420. 

1 7.  American  Ass(x-iation  for  Respiratory  Care.  Clinical  practice  guide- 
line: humidification  during  mechanical  ventilation.  Respir  Care  1992; 
.37(8 1:887-890. 


48 


Respiratory  Care  •  January  '96  Vol  41  No 


AlR\VA^■  HUMIDIFICATION  USING  SIMULATED  SECRETIONS 


1 8.  Forbes  AR.  Hiiniidirication  and  mucus  (\o\\  in  llie  intubated  trachea. 
Br  J  Anaesth  iy73;4?(S):874-,S7:S. 

19.  Forbes  AR.  Temperature,  humidity  and  mucus  llou  m  the  intubat- 
ed trachea.  Br  J  Anaesth  1974 :46(  1  ):29-.M. 

20.  British  Standards  Institution.  Specifications  lor  humidifiers  for  use 
with  breathing  machines.  Publication  No.  BS  4494.  London:  The  In- 
stitution. 1970. 


Tsuda  T.  Noguchi  H,  Takumi  ">'.  Aochi  O.  Optimum  humidification 
of  air  administered  to  a  tracheostomy  in  dogs.  Scanning  electron  mi- 
croscopy and  surfactant  studies.  Br  J  Anaesth  1977;49l  101:965-977. 
Weibel  ER.  Morphometry  of  the  Human  Lung.  Heidelberg:  Springer- 
Veriag.  1963:139. 

Weibel  ER.  The  lung:  scientific  toundations.  New  York:  Ra\en  Press. 
1991:  711-720. 


CORRPXTION 

One  of  the  books  included  in  Op't  Holt  TB.  Comparative  review  of  respirator^'  care  equipment  texts. 
RespirCare  1995:40(8):876-878  was  cited  incorrectly.  The  textbook  should  be 

Equipment  Theory  for  Respiratory 
Care,  by  Gary  C  Wliite.  Hiudbound.  505 
pages.  Albany:  Deiiiiar.  1992.  $48.95. 

The  book  was  inadvertently  listed  as  published  in  1995.  The  new  edition  was  released  December 
1.  1995.  The  comments  of  the  reviewer  may  not  apply  to  the  1995  edition.  We  regret  the  error. 
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What  Have  We  Learned  about  Lung  Injury 
from  the  Management  of  Near-Drowning? 

Jfc'iuine  H  Modell  MD 
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Seawater  vs  Freshwater  Aspiration 

Drowning  &  Near-Drowning  without  Aspiration 

Ventilating  the  Victim  of  Near-Drowning 

Outcome  in  Near-Drowning 
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Water  Aerosol 

(lastric  Contents 

Pertluorinated  Hydrocarbons 
In  Conclusion 


Introduction 

Although  Karpovich'  observed  the  anatomical  changes 
that  occiMicd  within  tiie  kings  of  rodents  after  aspiration  of 
both  fiesh  water  and  seawater  in  1933.  it  was  not  until  the 
classic  work  of  Henry  Swann  and  his  co-workers  in  the 
1940s-^  that  we  began  to  appreciate  many  of  the  physiologic 
changes  that  occur  with  the  aspiration  of  fresh  water  and  sea- 
water. In  his  classic  report.-  Dr  Swann  reported  that  oxygen 
content  decreased  during  drowning,  hut  he  gave  particular 
emphasis  to  the  electrolyte  changes  resulting  from  the  hypo- 
Ndleniia  that  occurred  during  seaw  ater  aspiration  and  from 
the  hypervolemia  that  occurred  during  trcshw  ater  aspiration. 
Further,  he  attributed  the  demise  of  his  c\|ierimental  animals 
after  seawater  aspiration  essentially  to  the  heart  failure  and 
massive  pulmonary  edema  that  result  in  lack  of  oxygenation; 


Dr  Miidcll  is  Associate  Vice  President  for  Itie  University  of  Florida 
llcaltli  .Science  Ccnlcr  .<\ffilialions.  and  Professor  of  Anesthesiology. 
Deparlincnl  of  Aneslliesiology.  University  of  I'lorida  rollcge  of 
Medicine.  Gainesville.  I-'lorida. 

The  author  has  no  linancial  interest  in  any  product  mentioned  ni  the  te\l. 

Presented  as  the  Donald  F  F.gan  .Scientific  Lecture  at  the  41st  Annual 
Convention  and  E.\hiliition  of  the  American  Association  for  Respiratory 
Care  in  Oihimio.  Florida.  December  \995. 


whereas,  he  attributed  their  deaths  after  freshwater  aspira- 
tion to  hypochloremia,  hyponatremia,  and  hyperkalemia  that 
resulted  in  ventricular  fibrillation. 

It  was  not  until  the  early  lM6()s  that  we  began  to  more  com- 
pletely appreciate  the  pulmonary  effects  of  water  aspiration. 
In  1960.  Redding.  Voight.  and  Safar"^  reported  on  the  use  of 
intermittent  positive  pressure  breathing  as  treatment  for  ex- 
perimental drowning.  During  the  next  3  years,  Colebatch  and 
Halmagyi''  **  repoilcd  on  the  decreased  compliance,  increased 
resistance,  and  rellcx  pulmonary  hypertension  that  occurred 
after  aspiration  of  liquid  by  animals.  The  Wellcome  Prize  Essay 
by  Fuller  in  1962"  extensively  summarized  the  changes  in 
drowned  \ictims  observed  on  autopsy  at  the  Armed  Forces 
Institute  ot  Pathology.  Fuller's  work  deinonstrated  that,  in 
diowiiing  \  ictims.  aspiration  of  not  only  water  but  also  of  con- 
taminants such  as  algae,  sand,  or  even  pailially  digested  food 
particles  could  occur.'"  He  noted  the  significant  pulmonary 
edema  that  occurs  and  the  presence  of  secondary  infection. 
He  also  observed  distended  aheoli  in  some  victims  and  the 
deposition  of  hyaline  material  in  short-term  survivors. 

I  treated  my  first  severe  drowning  victim  in  1962."  and, 
beginning  in  1963.  began  to  study  the  clfects  of  aspiration  of 
not  only  seawater  and  fresh  water,  but  also  other  types  of  flu- 
ids. In  this  paper,  I  focus  predominantly  on  the  experiences 
that  my  colleagues  and  I  have  had  in  the  research  laborato- 
ry and  in  treating  patients  in  the  emergency  department  and 
critical  care  unit,  since  those  days  in  the  early  "60s. 
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Seawater  vs  Freshwater  Aspiration 

The  report  by  Swann  and  others-  showing  the  rapid  onset 
of  an  increase  in  whole  blood  density  after  seawater  aspira- 
tion and  a  decrease  in  whole  blood  density  after  freshwater 
aspiration  led  the  way  for  a  physiologic  approach  to  the  as- 
piration of  v\  ater  during  drow  ning.  As  a  result  of  Swann"s  stud- 
ies, for  approximately  two  decades,  the  literature  emphasized 
the  changes  in  serum  electrolyte  concentrations  that  would 
result  from  these  rapid  shifts  of  fluid  and  their  effect  on  car- 
diac activity,  despite  the  fact  that  there  were  no  data  on  hu- 
mans that  supported  this  position. 

In  a  series  of  91  near-drowned  \  ictims.  1  and  others  re- 
ported that  the  concentrations  of  serum  chloride,  sodium, 
and  potassium  of  these  patients  when  they  arrived  in  the  emer- 
gency room  did  not  differ  significantly  among  victims  of 
fresh  water,  seawater,  or  brackish  water  aspiration.'-  There 
was  a  tendency  for  the  serum  sodium  and  chloride  con- 
centrations to  be  slightly  higher  after  seawater  aspiration, 
but  in  no  case  were  the  levels  thought  to  be  life  threaten- 
ing. These  observations  led  us  to  conduct  experiments  in  the 
laboratory  on  anesthetized  animals.  Known  quantities  of  water 
were  aspirated,  and  blood  was  obtained  from  the  arch  of  the 
aorta  at  regular  intervals,  beginning  at  I  minute  after  as- 
piration, to  follow  any  changes  in  serum  electrolyte  con- 
centrations.''"" We  found  a  transient  decrease  in  serum  chlo- 
ride and  serum  sodium  1  minute  after  aspiration  of  distilled 
water,  regardless  of  whether  it  was  chlorinated  at  a  level  of 
5  parts  per  million:  however,  within  10  minutes  the  con- 
centrations of  these  two  extracellular  electrolytes  were  no 
different  from  those  in  animals  that  had  aspirated  normal 
saline  solution.  The  serum  potassium  increased  in  all  three 
groups,  but  more  so  in  the  freshw  ater  groups  3  to  5  minutes 
after  aspiration,  but,  again,  by  10  minutes  after  aspiration, 
had  returned  to  a  normal  level.  The  volume  of  fluid  aspi- 
rated in  these  experiments  was  approximately  twice  the  tidal 
volume  of  the  experimental  subjects.'-'' 

When  we  studied  experimental  animals  under  conditions 
of  total  immersion,  we  observed  significant  changes  in  the 
concentration  of  serum  electrolytes,  both  with  aspiration  of 
fresh  w ater  and  seawater;  thus,  we  were  able  to  repeat  the  ear- 
lier observations  of  Swann  and  others."  '""  Our  conclusion, 
at  that  point,  based  on  comparing  our  observations  in  humans 
with  the  experimental  data,  was  that  hiunans  who  had  been 
resu.scitated  at  the  scene  of  the  accident  and  brought  to  the 
emergency  room  more  than  likely  aspirate  22  niL/kg  of  water 
or  less.'-"' 

Joseph  Davis.  Medical  Examiner  for  Dade  County,  and 
I  participated  in  the  autopsies  of  1 18  consecutive  drowned 
victims  who  had  been  retrieved  from  water  but  could  not  be 
revived  by  resuscitation  efforts.''  The  levels  of  serum  chlo- 
ride and  serum  sodium  in  blood  from  the  left  side  of  the  heart 
of  these  victims,  when  compared  with  our  experimental  val- 
ues for  which  the  volume  of  aspirate  was  known,  showed  that 


only  15%  of  \  ictims  who  died  m  the  water  had  serum  elec- 
trolyte concentrations  that  deviated  by  more  than  20  niEq/L 
from  the  midrange  of  nonnal.  Tliese  findings  suggested,  there- 
fore, that  85%  of  persons  who  died  at  the  scene  also  aspirated 
22  niL/kg  of  water  or  less.  Thus,  we  concluded  that  it  is  not 
the  changes  in  serum  electrolyte  concentrations  that  lead  to 
the  demise  of  these  victims,  but  rather  the  lack  of  oxygena- 
tion at  a  level  compatible  with  life. 

Early  reports  on  drowning  also  speculated  that,  with  tresh- 
water  aspiration,  there  would  be  enough  absorption  of  fresh 
water  to  cause  massive  hemolysis  of  red  blood  cells,  which 
results  in  an  extremely  high  serum  potassium  concentration. 
With  the  exception  of  one  patient  with  a  plasma  hemoglobin 
concentration  of  5(X)  mg^r.  we  did  not  observe  a  plasma  hemo- 
globin level  greater  than  100  mg9c  in  any  other  patient.'^  We 
then  sought  to  separate,  in  an  experimental  model,  the  effect 
of  significant  hemodilution  with  fresh  water  when  oxygenation 
was  normal  from  that  of  multiple  conditions  that  would  have 
produced  concuirent  profound  hypoxia.  We  found  that,  in  well- 
oxygenated  animals,  a  significant  increase  in  plasma  hemo- 
globin concentration  did  not  occur,  despite  the  infusion  of  -14 
mLA:g  of  distilled  water  directly  into  the  venous  circulation. 
However,  when  simultaneous  airway  obstiiiction  occuired  with 
the  intravenous  instillation  of  this  amount  of  water  or  when 
water  was  aspirated  into  the  lung,  which  compromised  oxy- 
genation, then  a  plasma  hemoglobin  concentration  exceed- 
ing 900  mg%  was  not  uncommon.''' 

In  the  same  animals  in  which  persistent  electrolyte  changes 
could  not  be  demonstrated  beyond  10  minutes  after  aspira- 
tion of  22  niL/kg  of  fresh  water,  we  did  demonstrate  that  pro- 
found hypoxemia  occurred  within  I  minute  of  aspiration.  When 
the  animals  either  survived  this  insult  or  were  resuscitated 
and  thereafter  breathed  spontaneously,  arterial  oxygen  ten- 
sion (PaO:)  did  not  improve  over  the  60-minute  experiment, 
whether  the  liquid  aspirate  was  normal  saline  solution,  dis- 
tilled water,  or  chlorinated  distilled  water. '"  A  transient  in- 
crease in  arterial  carbon  dioxide  tension  (Paco:)  also  occuned 
within  3  to  5  minutes  of  aspiration.  However,  by  10  minutes 
after  aspiration.  Paco:  was  approaching  normal  and.  by  30 
minutes,  did  not  differ  from  before  aspiration.  As  might  be 
expected,  an  immediate  combined  metabolic  and  respiratory 
acidosis  occurred,  and  a  metabolic  acidosis  persisted,  which 
coincided  with  the  period  of  hypoxemia." 

Because  seawater  is  at  least  3  times  more  concentrated  in 
regard  to  electrolyte  concentrations  than  is  blood,  our  ex- 
periments were  compatible  with  those  of  Swann  and  others, 
w  liich  showed  that  tluid  moved  from  the  v  ascular  space  into 
the  lung  itself.'''  Routinely,  when  experimental  animals  as- 
pirated seawater  and  we  attempted  to  drain  this  tluid  by  grav- 
ity, more  liquid  was  drained  than  had  been  experimentally 
instilled.  What  we  did  not  appreciate  early  on  was  the  rapidity 
with  which  pulmonary  edema  occuned  due  to  this  signifi- 
cant tluid  shift  across  the  alveolar  capillary  interface.  In  com- 
panion studies,  we  attempted  to  look  at  changes  in  blood  vol- 


Respiratory  Care  •  January  '96  Vol  41  No 


51 


Lung  Injury  from  Near-Drowning 


ume  after  seawater  aspiration  by  utilizing  the  radio-iodinated 
serum  albumin  ( '^'I )  technique.  The  rapidity  with  which  pul- 
monary edema  occurred  after  seawater  aspiration  was  as- 
tounding: In  less  than  3  minutes  after  injection  of  "'I  into  the 
vascular  space,  significant  amounts  of  the  radioactive  trac- 
er were  detected  in  suctioned  tracheal  fluid.  The  e.xtent  of  al- 
buinin  leak  was  apparent  by  the  false  high  readings  of  cal- 
culated blood  volume  due  to  the  loss  of  tracer  from  the  vas- 
cular space.''' 

After  freshwater  aspiration,  the  aspirated  fluid,  for  the  most 
part,  is  absorbed  into  the  circulation  with  equal  rapidity.  With- 
in ?<  minutes  of  instillation  of  fresh  water  into  the  trachea  of 
our  experimental  models,  only  insignificant  amounts  of  water 
could  be  reclaimed  by  gravity  drainage."  Despite  the  fact  that 
the  water  was  absorbed  rapidly,  profound  hypoxemia  was  pre- 
sent, which  suggested  that  the  alveoli  were  unstable  and  large 
numbers  had  collapsed.  Therefore,  significant  intrapulmonary 
shunt  was  produced  by  a  mechanism  different  from  that  after 
seawater  aspiration. ' ' '" 

This  led  us  to  obtain  lung  extracts  after  large  quantities 
of  fresh  water,  seawater,  and  normal  saline  solution  had  been 
aspirated,  to  analyze  the  extract  for  surface  tension  acti\  - 
ity.  The  exU-act  from  animals  that  had  aspirated  normal  saline 
solution  or  seawater,  as  well  as  tracheal  fluid  drained  from 
those  animals,  showed  surface  tension  characteristics  com- 
patible with  normal  pulmonary  surfactant.  After  freshwa- 
ter aspiration,  however,  neither  the  drained  tracheal  fluid 
nor  the  lung  extract  showed  normal  characteristics  of  pul- 
monary surfactant.  In  both  of  those  cases,  the  minimum  sur- 
face tension  achieved  when  the  film  was  compressed  in  a 
Wilhelmy  balance  was  significantly  higher  than  normal.-' 
This.  then,  would  explain  the  alveolar  instability  after  fresh- 
water aspiration  because  the  alveoli  themselves  would  be 
deficient  in  normally  functioning  pulnK)nary  surfactant  and, 
therefore,  would  be  less  likely  to  remain  open  on  exhala- 
tion. Likewise,  being  deficient  in  normal  pulmonary  sur- 
factant would  make  them  more  prone  to  subsequently  leak 
pulmonary  edema  lluid.  u  hich  is  \  irtually  uni\ersally  pre- 
sent in  such  lungs. 

Also  to  be  considered  is  the  possible  role  that  cerebral  hy- 
poxia and  resultant  neurogenic  pulmonary  edema  may  play 
in  the  overall  picture  of  the  near-drowned  victim.--  Regard- 
less of  whether  it  is  seawater  or  fresh  water  that  is  aspirated. 
there  is  significant  intrapulmonary  shunting  secondary  to  \en- 
tilation/perfusion  mismatch.  When  animals  breathing  room 
air  were  compared  w  ith  those  breathing  oxygen,  the  intra- 
pulmonary shunt  after  seawater  aspiration  was  almost  entirely 
ab.solute,  or  true,  intrapulmonary  shunt;  whereas,  after  fresh- 
water aspiration,  it  was  a  combination  of  absolute  and  rela- 
tive intrapulmonary  shunt.-"  This  supports  the  concept  that 
the  intrapulmonary  shunt  after  seawater  near-drowning  is  sec- 
ondiuy  to  tluid-filled  but  perfused  alveoli;  whereas,  after  fresh- 
water aspiration,  it  is  due  to  unstable  ah  eoli  from  lack  of  nor- 
mal surfactant  actixitv. 


Drowning  &  Near-Drowning  without  Aspiration 

In  193 1 ,  Cot-'  observed  that  \(V7(  of  the  drowned  victims 
he  autopsied  did  not  appeal'  to  have  aspirated  water.  It  has  been 
surmised  since  that  time  that  such  patients  die  of  respiratory 
obstaiction  secondary  to  breath  holding  or  laryngeal  spasm 
and  suffer  cardiac  anest  before  they  take  a  breath  while  sub- 
merged. We  simulated  such  conditions  in  an  anesthetized  an- 
imal model  and  demonso-ated  that,  within  I  minute  of  tracheal 
iibstruction,  P.,();  decreased  from  a  normal  average  of  90  torr 
to  40  torr.  Within  3  minutes,  P^o:  had  decreased  to  10  torr.-'' 
Resuscitation  of  such  animals  after  .'i  minutes  led  to  an  80% 
survival  rate  without  eui\  apparent  (ie.  subjective)  residual  neu- 
rologic damage. 

We  have  reported  that  a  similar  number,  namely  1 2%  of 
near-drowned  \  ictims  that  \\e  have  treated,  near-drowned  with- 
out aspiration.'-  This  conclusion  was  based  on  the  fact  that 
their  P;,o;  with  spontaneous  air  breathing  on  admission  to  the 
hospital  exceeded  80  torr.  This,  however,  is  a  subjective  ob- 
servation. We  could  not  say  whether  these  victims  aspirat- 
ed very  small  quantities  of  water,  after  which  the  physiologic 
change  in  lung  function  would  be  relatively  insignificant,  or, 
before  they  became  submerged,  suffered  an  event  such  as  trau- 
nia,  syncope,  or  cardiac  arrhythmia.  What  is  important  in  these 
lO'/f  to  129(-  of  victims  is  that,  if  they  are  resuscitated  prompt- 
ly with  basic  cardiopulmonary  resuscitation  before  irreversible 
cerebral  hypoxia  occurs,  recovery  will  be  dramatic  and  com- 
plete. For  those  who  actualh  aspirate  fluid,  a  scenario  of  far 
more  persistent  altered  pulmonary  function  occurs. 

Ventilating  the  Victim  of  Near-Drowning 

The  earliest  patients  ue  treated  for  neiir-drowning  in  1963 
and  1964  were  frequently  \entilatcd  by  hand  with  a  Maple- 
son  D-type  non-rebreathing  circuit.  Also,  we  kept  contin- 
uous positive  pressure  applied  at  all  times  to  their  airways. 
This  significantly  improved  oxygenation,  but  the  extent  could 
not  be  quantitated  because  of  the  limited  technology  at  the 
time.  We  then  applied,  early  in  1964.  what,  at  that  time,  we 
described  as  "back  pressure"  to  the  expiratory  valve  of  a  vol- 
ume-limited ventilator  (JH  Emerson  Co.  Cambridge  MA), 
which  also  consistently  improved  oxygenation.  Subsequently, 
this  type  of  treatnient  was  reported  by  Ashbaugh  and  oth- 
ers as  continuous  positive  pressure  breathing  (CPPB)  or  con- 
trolled mechanical  ventilation  w  ith  positive  end-expirato- 
ry pressure  (PEEP).-'^ 

To  alter  the  course  of  e\  ents.  we  studied  the  effect  of  as- 
piration of  sublethal  quantities  of  seawater  and  fresh  water 
in  anesthetized  animals  and  initially  gave  them  mechanical 
breaths  if  needed  to  induce  spontaneous  breathing.  A  second 
group  was  gi\en  controlled  mechanical  ventilation  but  with 
no  end-expiratory  pressure.  A  third  group  breathed  sponta- 
neously but  with  1 0  cm  H^O  of  PEEP.  (At  the  time  of  these 
experiments,  we  categorized  this  as  PEEP;  in  retro.spect.  with 
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the  more  modern  terminology,  it  would  have  been  continu- 
ous positive  airway  pressure  [CPAP]).  A  fourth  group  was 
mechanically  ventilated,  and  10  cm  H:0  of  PEEP  was  also 
applied  to  these  animals.  We  noticed  a  significant  increase 
in  arterial  oxygenation  in  the  animals  that  had  aspirated  sea- 
water,  when  they  were  treated  with  CPAP  or  with  controlled 
mechanical  ventilation  and  PEEP.  There  was  no  significant 
increase  in  oxygenation  during  the  treatment  period  in  the 
animals  that  breathed  spontaneously  or  were  mechanically 
ventilated  without  PEEP.-"  Thus  the  importance  of  controlled 
mechanical  ventilation  with  PEEP  or  CPAP  was  established 
as  potential  treatment  for  patients  suffering  from  seawater 
near-drowning. 

In  a  comparable  group  of  animals  that  aspirated  fresh 
water,  once  again,  there  was  a  significant  improvement  in 
oxygenation  in  those  animals  that  were  mechanically  ven- 
tilated and  given  PEEP.  We  did  not  find  the  same  improve- 
ment, however,  in  animals  that  breathed  spontaneously  but 
with  PEEP  of  10  cm  H:0.-' 

To  better  understand  why  we  could  not  obtain  the  same 
beneficial  effect  experimentally  with  CPAP  in  freshwater  as 
in  seawater  aspiration,  we  looked  at  each  animal  individually 
in  a  subsequent  experiment  rather  than  the  mean  and  standard 
deviation  data.-**  It  became  quite  clear  that,  in  approximate- 
ly half  of  the  animals,  CPAP  did,  indeed,  have  a  very  bene- 
ficial effect.  In  the  other  half,  in  which  the  effect  was  not  last- 
ing, mechanical  breaths  instituted  with  CPAP  maintained  a 
beneficial  increase  in  oxygenation  and  decrease  in  intrapul- 
monary  shunt.-**  These  results  can  be  explained  in  that  the  alve- 
oli, after  freshwater  aspiration,  would  be  unstable  due  to  the 
changes  in  surface  tension  activity  of  pulmonary  surfactant. 
Thus,  a  higher  peak  inspiratoiy  pressure  was  required  to  open 
the  alveoli  before  CPAP  could  keep  them  open. 

Another  observation  was  that,  even  though  we  could  re- 
duce the  intrapulmonary  shunt  dramatically  with  the  appli- 
cation of  continuous  mechanical  ventilation  and  PEEP  in  ex- 
perimental animals,  oxygen  delivery  remained  at  a  low  level 
compared  with  that  in  the  control  group.-'*  This  correlated 
with  a  decrease  in  cardiac  output  that  occurred  when  me- 
chanical ventilation  under  these  circumstances  was  applied 
to  the  airway.  Our  attempts  to  increase  the  cardiac  output  w  ith 
intravenous  dopamine  did  not  increase  oxygen  availability. 
When  these  animals  were  given  a  large  infusion  of  crystal- 
loid to  increase  cardiac  output,  however,  the  oxygen  avail- 
ability tripled.-''  We  then  repeated  some  of  our  earlier  stud- 
ies on  blood  volume  changes  after  aspiration  of  fresh  water 
and  followed  the  animals  for  a  longer  period  of  time.  We  were 
able  to  show  the  same  immediate  increase  in  blood  volume 
3  minutes  after  aspiration  of  1 1  mL/kg  and  22  mL/kg  of  fresh 
water,  as  we  had  done  several  years  earlier.  As  might  be  pre- 
dicted, however,  when  we  analyzed  blood  volume,  it  was  ac- 
tually lower  60  minutes  after  aspiration  than  before  the  as- 
piration of  fresh  water.  This  showed  that  there  is  a  fluid  re- 
distribution resulting  in  relative  hypovolemia.-'' 


We  also  observed  during  mechanical  ventilatory  support 
of  near-drowned  patients  that  PaO;  varied  considerably  with- 
in brief  periods  of  time  with  position  changes  of  the  patient 
and/or  changes  in  peak  inspiratory  pressure  and  PEEP.  Thus, 
we  confirmed  that  the  ventilation-perfusion  ratio  in  these  pa- 
tients v;iried  at  any  given  time  and  was  both  position-  and  pres- 
sure-sensitive. This  observation  influenced  our  treatment  of 
patients  with  severe  lung  infiltrates  regardless  of  the  pre- 
cipitating event. ^" 

Outcome  in  Near-Drowning 

In  the  late  1 960s,  we  introduced  the  use  of  prophylactic 
antibiotic  and  corticosteroid  therapy  for  the  treatment  of  near- 
drowned  victims."*  These  drugs  were  introduced  on  an  em- 
piric basis.  Once  we  had  the  opportunity  to  study  a  large  se- 
ries of  such  patients  and  to  conduct  controlled  experiments 
in  the  laboratory  on  the  use  of  corticosteroids,  we  found  that 
survival  rate  did  not  differ  between  those  who  received  these 
drugs  and  those  who  did  not.'-  •"  We  observed  that  some  pa- 
tients who  received  corticosteroids  developed  late  lung  ab- 
scesses, whereas  those  who  were  not  treated  with  corticos- 
teroids did  not.  This  may  be  due  to  the  fact  that,  as  in  steroid- 
treated  animals,  they  were  not  able  to  wall-off  infection  as 
well  as  those  that  were  not  so  treated.  This  would  be  consistent 
with  subsequent  studies  in  our  laboratory  on  the  aspiration 
of  partially  digested  foodstuff.'- 

As  a  consequence  of  capitalizing  on  the  studies  just  de- 
scribed and  concentrating  our  therapy  primarily  on  aggres- 
sive pulmonai-y  support  and  monitoring  of  cardiac  peifomiance 
and  fluid  balance,  we  have  been  successful  over  the  past  third 
of  a  century  in  returning  victims  of  near-drowning  to  active, 
productive  lives,  provided  irreversible  cerebral  hypoxia  had 
not  occurred  before  arrival  at  the  hospital.  Although  we  have 
stopped  gathering  data  on  these  patients  over  the  past  few  years, 
when  we  published  our  observations  in  1980,  we  had  treat- 
ed 1 2 1  patients  and  we  had  lost  only  4  patients  from  pulmonary 
causes.'''  One  of  these  was  in  1964  and  another  in  I96.'i,  both 
of  whom,  in  retrospect,  might  have  survived  had  their  acci- 
dents occurred  a  few  years  later  when  we  had  a  better  under- 
standing of  the  disease  and  were  better  prepared  to  treat  it. 
We  also  had  the  opportunity  to  perform  pulmonary  function 
studies  on  several  of  our  patients  after  they  recovered  from 
near-drowning.  We  could  not  demonstrate  any  consistent,  per- 
sistent abnormalities.'"' 

Related  Studies 

Water  Aerosol 

My  interest  in  drowning  and  near-diowning  has  led  to  many 
related  studies  of  liquid  in  the  airway  that  I  would  like  to  share 
with  you.  In  the  1960s,  humidification  of  respiratory  gases 
was  a  problem,  and  patients  who  were  being  ventilated  me- 
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dianically  Ircquently  hatl  thick  tenacious  secretions.  Witii  the 
introduction  of  heated  humidifiers,  conditions  markedly  im- 
proved. Further,  at  about  that  time,  the  ultrasonic  nebulizer 
capable  of  nebulizing  a  relatively  large  volume  ol' water  into 
small  particle  size  was  introduced.  Some  physicians  incor- 
porated the  output  from  an  ultrasonic  nebulizer  into  the  ven- 
tilatory circuit  to  try  to  increase  humidification  of  respiratory 
gas.  We  were  consulted  in  the  case  of  one  such  infant.  De- 
spite the  fact  that  his  kidne\  s  were  putting  out  water  at  a  max- 
imum rate  for  his  size  and  age.  he  continued  to  gain  weight 
rapidlv.  had  increasetl  infiltrate  on  chest  roentgenogram  and 
a  decreasing  P.o,.  and  appeared  to  be  in  congestive  heart  fail- 
ure. His  laboratory  values  were  consistent  with  those  in  ex- 
perimental animals  that  had  aspirated  fresh  vsater  in  excess 
of  22  niL/kg."  We  then  applied  a  similar  breathing  circuit  in- 
corporating the  ultrasonic  humidifier  into  an  animal  model 
and  used  fluorescein  dye  for  a  marker.  What  we  found  was 
that  not  only  the  conducting  airway  but  also  sections  of  the 
peripheial  lung  were  thort)ughly  stained  with  the  dye  in  a  brief 
time,  which  indicated  that  these  structures  were  essentialls 
flooded  with  the  aerosol."'  '^  The  ultrasonic  nebulizer  was  im- 
mediately removed  from  the  ventilator  circuit.  The  infant 
cleared  the  excess  water  through  his  kidneys  and  recovered 
from  this  episode.  Thus,  our  drowning  studies  had  made  a  sig- 
nificant impact  by  demonstrating  that  humidification  of  res- 
piratory gas  during  mechanical  ventilation  can  be  overdone. 

Gastric  Contents 

It  has  been  estimated  that  almost  SiWr  of  drowning  vic- 
liins  vomit  during  drowning  or  resuscitation.  The  number  of 
such  V ictims  who  actually  aspirate  stomach  contents  is  un- 
known, but  clearly  this  complicates  resuscitation.  The  super- 
imposition  ot  aspiration  of  stomach  contents  on  the  pulmonary 
injury  caused  by  near-drow  ning  may  complicate  and  prolong 
respiratory  insufficiency,  for  this  reason,  we  elected  to  study 
the  effects  of  aspiration  of  acid  and  foodstuff  in  animal  mod- 
els similar  to  those  we  had  used  for  our  drow  ning  studies. 

nie  firs!  well-dix'umented  description  of  aspiration  of  stom- 
ach contents  was  that  by  Mcndelson.'"'  who  reported  the  as- 
piration of  stomach  contents  in  women  in  labor  and  at  the  time 
of  delivery.  Roberts  and  Adamsons.  studying  primates,  slat- 
ed that  to  cause  adverse  consequences  from  aspiration,  stom- 
ach contents  must  ha\e  a  pH  <  2.5  and  be  >  25  iiiL  in  \o\- 
ume  (Roberts  RB.  .Adamsons  K  Jr.  Unpublished  data).  Based 
on  that  studs .  some  have  suggested  that  aspiration  of  liqiud 
by  an  adult  is  innocuous  w hen  pH  is  >  2.5  or  vcilume  is  <  25 
niL.'''  Rather  than  accept  that  suggestion  on  face  value,  we 
elected  to  do  a  mortality  study  in  rodents.  Various  volumes 
of  liquids  with  various  pHs  were  injected  directly  into  the  tra- 
chea while  the  animals  were  anesthetized.  What  we  found  was 
that  aspiration  of  liqind.  regardless  of  the  pH  and  the  \ olume. 
was  not  innocuous;  as  one  might  expect,  the  lower  the  pH  the 
lower  the  \'olume  necessary  to  produce  death. ■*" 


We  also  lound  that,  w  ith  an  aspirate  of  pH  2.5.  death  was 
the  exception  rather  than  the  rule,  even  with  as  much  as  6  mL 
of  aspirate  per  kg  body  weight  (that  is,  by  Roberts  and 
Adamsons'  system,  about  420  niL  in  adult  humans).  Using 
their  \ olume  ( which  calculates  to  slightly  <  0.4  niL/kg).  we 
observed  no  deaths  \\  hen  the  pH  was  >  1 .4.  At  a  pH  of  1 .4, 
approximately  one  third  of  our  animals  died,  and  with  a  pH 
of  1 .0  at  this  volume,  90%  died.  At  the  other  end  of  the  spec- 
trum, we  observed  that  animals  who  aspirated  liquid  with  a 
pH  of  3.5  and  5.0  also  died  provided  the  volume  was  great 
enough.'"^  When  liquid  vsith  an  extremely  low  pH,  for  example, 
pH  1.0.  was  aspirated,  it  produced  a  chemical  bum  in  the  lung 
which,  in  addition  to  affecting  alveoli,  destroyed  ciliary  ac- 
tiv  ity  in  the  trachea.^'  Thus,  it  would  be  far  more  difficult  to 
spontaneously  eliminate  secretions  from  the  lung.  Because 
the  pH  of  liquid  in  the  stomach  is  usually  greater  than  2.5,''- 
it  is  unlikelv  that  "pulmonary  burn"  per  se  is  often  a  major 
problem  with  aspiratitni  of  stomach  contents.''-  More  likely, 
it  is  the  volume  of  lluid  and  that  it  may  contain  foodstuff  vary- 
ing in  quantity  and  in  size  that  produces  obstruction  and/or 
foreign-body  reactions. 

Because  of  the  fear  of  aspirating  highly  acidic  liquid  by 
patients  who  are  thought  to  be  at  risk  for  pulmonary  aspira- 
tion of  stomach  contents,  piulicularly  while  anesthetizing  such 
patients,  it  is  frequently  recommended  that  their  gastric  con- 
tents be  alkalinized.''-""  Originally  administration  of  partic- 
ulate antacid  was  rece)mmended  for  this  purpose:  however, 
studies  by  Gibbs  and  others  showed  that  particulate  antacid 
itself,  if  aspirated,  can  produce  a  very  significant  pulmonarv 
lesion.""  Therefore,  current  recommendations  are  that  antacid 
in  nonparticulatc  liquid  form  be  administered  instead.'*""'"' 

In  the  early  1960s.  Bannister  and  others  suggested  that 
corticosteroid  therapy  might  be  beneficial  for  patients  who 
had  aspirated  stomach  contents  because  this  therapy  was 
thought  to  decrease  the  inflammatory  response  to  stomach 
contents.""^""'  In  subsequent  studies  by  us  with  anesthetized 
animals,  we  were  not  able  to  demonstrate  any  significant  dif- 
ference in  blood  gas  exchange  after  aspiration  of  hydrochloric 
acid  between  animals  that  were  or  were  not  treated  with  steroid, 
be  it  high  dose  or  low  dose. '  '^  We  did  find,  however,  as  in 
our  drowning  studies,  that  mechanical  ventilation  with  PEEP 
produced  a  significant  increase  in  arterial  oxygenation  and 
decrease  in  intrapulmonary  shunt."*'' 

.Subsequent  studies  were  done  by  Wynne  and  others'-  in 
our  laboratory  with  an  animal  model  of  aspiration  of  food- 
stufi' partially  digested  but  not  of  an  extremely  low  pH.  They 
showed  that  the  intlammatory  response,  a.s  measured  indirectly, 
was  less  at  1 .  .3.  and  7  days  after  aspiration  in  animals  that  had 
received  a  corticosteroid  than  in  their  counterparts  that  were 
not  so  treated.  However.  21  days  later,  while  the  lungs  of  an- 
imals w  ho  were  not  treated  with  corticosteroids  appeared  to 
be  normal  microscopically,  those  that  were  treated  had  sev- 
eral large  areas  of  granuloma  fomiation.  This,  we  think,  is  con- 
sistent with  our  observations  of  human  near-drowned  victims: 
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Some  of  those  who  had  been  treated  w  ith  prophs  lactic  steroid 
therapy  had  actually  suffered  lung  abscesses,  whereas  those 
not  so  treated  did  not. 

It  is  thought  by  man\  that  aspualion  of  stomach  contents 
results  in  a  persistent  lesion.  We  have  treated  several  patients 
thought  to  have  aspirated  stomach  contents  during  anesthe- 
sia, b\'  appK  ing  CPAP  aggressi\  ely.  The  duration  of  pulmon;ir>' 
dysfunction  in  some  was  as  brief  as  24  hours  or  less. 

Perfluorinatt'd  Hydrocarbons 

Finally.  I  w  ould  like  to  share  with  you  some  experiments 
we  performed  20  to  25  years  ago.  At  that  time,  we  were  fre- 
quently faced  with  treating  patients  who  had  thick,  tenacious 
secretions:  required  mechanical  \  entilator>  support;  and  could 
not  always  be  treated  effecti\ely  w ith  bronchoscopy.  After 
publication  of  the  classic,  simple  experiments  of  Clark  and 
Gollan-^"  demonstrating  sui"\i\al  of  rodents  submerged  in  oxy- 
genated pertluorinated  hydrocarbon  liquid  and  subsequent- 
ly removed,  I  had  the  good  fortune  of  meeting  Gollan  and  ha\  - 
ing  him  as  a  mentor  for  the  next  several  years.  During  that 
time,  we  collected  data  on  gas  exchange  during  \  entilation 
with  oxygenated  perfluorinated  hydrocarbon  liquids. 

We  built  a  simple  grasity-flovv  ventilator  out  of  glassware 
and  tubing  that  was  a\  ailable  in  our  laboratoi^.  After  demon- 
strating that  perfluorinated  hydrocarbon  liquid  (FX80.  3M 
Company)  neither  altered  surface  tension  characteristics  of 
pulmonary  surfactant  nor  washed  surfactant  out  of  animals" 
lungs  ventilated  w  ith  the  liquid,-^'  we  then  proceeded  to  ven- 
tilate anesthetized  annuals  for  30  minutes  with  FX80  and  then 
to  restore  them  to  breathing  gas.  What  we  obserx  ed  was  that 
excellent  oxygenation  could  be  maintained,  first  in  annuals 
ventilated  w  ith  FXSO  for  30  minutes  and  then  in  a  second  set 
of  animals  whose  lungs  were  \entilated  with  F.X80  contin- 
uously for  8  hours  after  w  hich  breathing  of  gas  was  restored."^- 
The  animals  did  develop  respiratory  acidosis,  inasmuch  as 
we  could  not  adequately  remove  carbon  dioxide  with  our  ap- 
paratus.^- We  found,  however,  that  with  the  use  of  THAM- 
E.  we  could  buffer  pH  change  so  that  the  animals  could  tol- 
erate liquid  ventilation. 

During  liquid  ventilation,  roentgenograms  of  the  ani- 
mals" chests  showed  them  to  be  completely  opaque,  yet  3 
hours  after  restoration  of  breathing  gas.  roentgenograms 
were  normal.'-  In  following  these  FX80-ventilated  animals 
over  a  longer  term.  4  to  10  days,  they  had  lower  than  nor- 
mal, but  acceptable.  PjO;  and  a  moderate  increase  in  P-.co;- 
Roentgenograms  during  this  period  had  a  slight  suggestion 
of  more  radiolucence  than  normal,  which,  in  turn,  suggested 
that  there  might  be  some  problem  w  ith  air  trapping  or  in- 
crease in  dead  space.'-' 

To  find  whether  we  might  use  this  technique  for  washing 
thick  tenacious  secretions  out  of  lungs,  particularly  in  patients 
such  as  those  with  severe  pseudomonas  pneumonia  or  cys- 
tic fibrosis,  we  injected  small  pockets  of  FXSO  into  mice  as 


an  indicator  of  toxicitv  .'^  Much  to  our  surprise,  during  a  tran- 
sient air  conditioning  failure,  we  noticed  that  the  mice  de- 
veloped ku'ge  pockets  of  gas  under  their  skin.  TTiis  we  attiibuted 
to  the  V  apori/atiiin  of  the  F.X80  into  the  gaseous  stage  and  pre- 
sumed that,  if  that  occurred  subcutaneously  in  mice  at  body 
temperature,  the  same  may  be  occuning  in  the  lungs,  vv hich 
thereby  produced  the  blood  gas  results  that  we  found  for  the 
first  week  or  two  after  FXSO  ventilation. 

We  then  approached  Allied  Chemical  Company  and  asked 
that  they  prepare  a  pernuorinaled  hydrocarbon  liquid  for  us 
that  had  a  vapor  pressure  lower  than  that  of  FXSO.  We  repeated 
ourexfieriments  with  this  new  liquid  called  PID  (.-Allied  Chem- 
ical Coiporation)  and.  indeed,  we  found  that,  after  1  hour  of 
ventilation  with  PI  D  and  then  restoration  to  breathing  gas, 
PjO  was  significantly  greater  after  v  entilation  with  PI  D  than 
after  FXSO."^  When  animals  breathed  l(K)9f  oxygen,  the  dif- 
ference in  effect  between  these  two  groups  of  animals,  although 
still  present,  could  be  masked  somewhat,  which  led  us  to  think 
that  there  was  a  greater  degree  of  relative  intiapulmonarv  shunt- 
ing after  ventilation  with  FXSO  than  after  PID. 

We  then  conducted  im  expenment  that  actually  washed  thick 
tenacious  liquid  material  out  of  the  lungs  of  anesthetized  an- 
imals, with  a  nuuked  improvement  in  arterial  oxygenation  after 
reconversion  to  breathing  gas.""' 

Allied  Chemical  Company  then  produced  another  per- 
fluorinated hydrocarbon  liquid  for  us  called  Caroxin  F.  which 
had  a  boiling  point  and  vapor  pressure  between  those  of  FXSO 
and  PID  (now  renamed  Caroxin  D).'^  With  Caroxin  F.  after 
liquid  V  entilation  followed  by  breathing  gas,  animals  had  no 
apparent  adverse  clinical  signs  immediately  after  liquid  ven- 
tilation or  later:  Between  24  and  168  hours  after  liquid  venti- 
lation. PaO;  exceeded  80  torr  while  the  animals  breathed  room 
air.^^  Extensiv  e  pulmonary  function  studies  were  then  con- 
ducted on  animals  w  ho  had  breathed  Caroxin  F,  at  intemiittent 
periods  from  1  to  160  days  after  liquid  ventilation.  The  day 
after  liquid  ventilation,  despite  a  decrease  in  compliance,  in 
total  lung  capacity,  and  in  single-breath  diffusing  capacity  and 
an  increase  in  resistance,  the  average  PaO:  was  84  ±  1 1  torr. 
No  abnormalities  were  noted  in  any  pulmonary  function  tests 
between  3  and  168  days  after  liquid  ventilation,  except  for 
a  moderate,  but  clinically  insignificant,  decrease  in  single- 
breath  diffusing  capacity  at  3  and  7  days  after  liquid  venti- 
lation.^^ We  followed  these  animals  for  a  period  of  18  months, 
and,  although  there  was  a  progressive  decrease  in  the  amounts 
of  retained  Caroxin  F,  very  small  amounts  were  retained  in 
lung  tissue  without  any  apparent  interference  in  lung  func- 
tion.-'^'* This  led  us  to  do  extensive  long-term  studies  of  elec- 
trolyte concentrations:  blood  chemistries,  including  those  in- 
dicating liver  and  renal  function:  and  liver  enzymes.  None 
demonstrated  any  abnormality .-'^''■"'  Finally,  we  confimied  that 
liquid  ventilation  might  be  applicable  to  humans,  by  venti- 
lating primates  with  Cai'cixin  D  on  two  separate  occasions  with 
successful  restoration  of  breathing  air.'"' 

We  were  about  to  hesin  studies  in  humans  when  new  reg- 
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ulalions  for  the  Fcxxl  and  Drug  Administration  were  being  pro- 
mulgated and  the  Bureau  of  Devices  was  being  created.  After 
consultation  with  officials  of  the  new  Bureau  of  Devices,  we 
did  not  think  that  it  was  economically  feasible  to  invest  the 
time  and  effort  necessary  to  complete  the  process  by  which 
they  would  authorize  experimental  use  of  this  technique  in  hu- 
mans. Therefore,  the  project  was  dropped.  We  are  encouraged 
now  to  read  new  reports  on  liquid  ventilation  to  improve  gas 
exchange  in  animal  models  of  disease.  We  hope  our  early  work 
will  prove  of  value  to  this  new  generation  of  investigators. ''- 

In  Conclusion 

In  conclusion.  I  would  like  to  express  my  gratitude  to 
the  Program  Committee  and  the  membership  of  the  Amer- 
ican Association  for  Respiratory  Care  for  giving  me  the 
honor  of  presenting  the  1995  Donald  FEgan  Scientific  Lec- 
ture and  permitting  me  to  reminisce  and  share  with  you  our 
past  observations. 
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Stt'dinan'.s  Plus  Spell  Cheiker*  for  Mi- 

CTOsot't  Word"  ;md  Ami  Pro  .  Ironi  Williams 
&  Wilkins,  1995,  $99:  Stetlnian's  Klectronic 
Medical  Dietionan'  for  the  Macintosh.  Irom 
Williams  i^  Wilkins.  1994.  SI 29. 

I  have  a  spelling  cheekcr. 
It  came  with  my  PC; 
It  plainly  marks  four  my  revue 
Mistakes  I  cannot  sea. 
I've  run  (his  poem  threw  it, 
I'm  sure  your  please  loo  no. 
Its  letter  perfect  in  it's  weigh. 
My  checker  tolled  me  sew. 

— Author  Unknown 

To  an  assislant  editor  who  has  a  back- 
ground in  public  relations  v\  riting  and  edit- 
ing, checking  microbiologic,  pharmacologic, 
and  general  respiratory  care  spellings,  ab- 
breviations, and  detlnitions  can  be  challeng- 
ing and  time  consuming — particularly  when 
one  only  has  a  hardbound  copy  of  Sieduum  's 
Medical  Dictionary  and  a  run-of-the-mill 
electronic  spelling  checker. 

But  checking  medical  tcnmiiology  has 
become  faster  and  easier  now  that  my  com- 
puter is  equipped  with  an  electronic  med- 
ical spelling  checker  and  a  medical  dictio- 
nary— Stedman's  Plus  Spell  Checker  for 
Microsoft  Word"  and  Ami  Pro"  and  Sted- 
man's Klectronic  Medical  Dictionary  for 
the  Macintosh. 

Kach  software  package  is  a  snap  to  in- 
stall. (If  I  can  do  it  without  calling  the  com- 
pany's help  desk — anyone  can.)  For  the 
spelling  checker,  a  brief,  easy-lo-read  pam- 
phlet provides  directions  for  installation.  .A 
small  booklet  witli  step-by-step  instructions 
aids  users  in  the  installation  of  the  medical 
dictionary.  I'^ach  pixigram  took  <  LS  minutes 
to  completely  install. 

The  Stedman's  Plus  spelling  checker's 
numerous  medical  and  pharmacologic  terms 
are  merged  with  the  words  listed  in  the  cur- 
rent spelling  checker  of  either  Microsoft 
Word*  or  Ami  Pro" .  The  program  also  adds 
eponyinic  and  statistical  terms  as  well  as 
generic  drug  names.  These  features  have 


been  helpful  for  spelling  checks  of  the  "Ab- 
stracts from  Other  Journals"  column,  papers 
that  have  been  accepted  for  publication,  and. 
in  this  month's  issue.  Cordero  et  al' — a  paper 
\\  ith  several  eponymic  temis.  Further.  I  test- 
ed the  capabilities  of  the  spelling  checker  for 
disease  names  by  rechecking  a  copy  of 
Medin  and  Ognibene's-  paper. 

Although  no  author  exhibited  a  partic- 
ular problem  with  spelling,  I  was  able  to  de- 
termine the  words  and  abbreviations  that 
were  omitted.  Although  many  respiratory 
care  teniis  are  included  in  the  six-lling  check- 
er. I  was  disappointed  to  discover  that  some 
impoilant  respiratory  care  abbreviations  were 
highlighted  as  misspelled  words  (Table  I ). 
The  spelling  checker  does  include  many 
genus  and  species  names.  The  program  of- 
fers add  and  delete  keys  for  updating  the 
spelling  checker  as  needed,  thus  personal- 
izing the  product  for  each  user. 

Tlie  .Stedman's  Electronic  Medical  Dic- 
tionary has  also  proved  helpful.  From  any 
application  via  the  use  of  menus  or  'hot-key' 
combinations,  almost  instant  access  is  avail- 
able to  the  dictionary.  The  only  catch  is  that 
the  dictionary  has  to  remain  open  w  hile  one 
uses  an  application.  The  potential  hold  back 
for  users  here  is  the  availability  of  RAM  (1.5 
MB  is  required)  and  disk  space  (6.2  MB  free 
space  is  needed). 

From  Microsoh  Word" .  I  have  been  able 
to  highlight  a  wdid.  depress  the  appropriate 
hot-key  combination,  and  immediately  find 
a  definition.  This  has  lx"en  helpful  with  words 
such  as  "tracheotomy"  antl  "tracheostomy" 
and  other  easily  confused  medical  vvoids.  1 
have  also  found  that  I  can  leave  Stedman's 
Plus  spelling  checker  with  a  highlighted 


word  and  go  quickly  to  the  dictionary  to  find 
out  whether  the  word  is  used  correctly. 

I  v\  as  surprised  to  discover  that  many 
chemical  abbreviations  were  omitted  from 
the  dictionary  and  were  only  used  to  define 
other  terms.  For  example,  HjO,  Paco:.  HCl, 
Oi.  COt  and  others.  In  order  to  find  these 
terms  in  the  dictionary,  one  needs  to  know 
the  correct,  spelled-out  form.  Table  1  also 
lists  respiratory  care  abbreviations  not  in- 
cluded in  the  dictionary. 

.■As  gixxi  as  tliese  programs  are.  absolutely 
nothing  can  take  the  place  of  a  w  atchful  eye 
and  skillful,  if  not  artful,  use  of  the  Flnglish 
language.  As  the  introductory  paragraph  ol 
this  rev  iew  illustrates,  even  correctly  spelled 
words  can  convey  nonsense. 

Both  software  packages  may  be  useful 
to  reseiirchers  and  clinical  practitioneiN.  Other 
professionals  such  as  medical  transcriptionists 
and  secretaries,  hospital  administrators  and 
public  relations  officials,  students  and  oth- 
ers may  find  good  use  for  these  economical 
and  easy-to-use  software  programs. 

Kris  Williams  BA 

Assistant  Hdilor 

RESPIR.ATOR'i  C AR1-; 

Dallas.  Texas 
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Table  1 .      Comparison  of  Respiratory  Care  Abbreviations  Included  or  Omitted  in  the  Swdmiin  's 
Phis  or  Sh'dnuin  's  Eleclronic  Medical  Dictiomiry. 

Dictionarv 


no 
no 
no 
no 

only  as  pari  of  a  definition 
no 
yes 


*Some  words  are  not  found  in  the  spelling  checker  or  dictionary  because  of  a  difference  in  font  or  type  style. 


Terms 

Spelling  Checker 

BiPAP 

no 

cmH<)orcmll-.0 

no 

liCMO 

yes 

FKV, 

yes 

Pace. 

no 

SaO: 

no 

Vo:* 

no 
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The  Clouded  Crystal  Ball 


In  the  preceding  Retrospectroscope  ( 1 ).  I  suggested  one 
prett\  dependable  way  for  a  scientist  to  hold  back  progress — 
to  be  highly  respected,  authoritative,  articulate,  internation- 
ally famous,  and.  in  his  current  views,  hypothesis,  prediction. 
or  suggestion,  to  be  wrong.  I  gave  a  few  classic  "for  instances" 
of  scientists  who  achieved  this  combination  and  the  conse- 
quences of  their  "achievement."  Tm  sure  1  shocked  some  read- 
ers by  suggesting  that  even  the  best  of  scientists  or  clinicians 
can.  once  in  a  while,  be  wrong.  Everyone  knows  that  states- 
men, presidents,  kings,  generals,  admirals,  economists,  crit- 
ics of  music,  art.  literature,  and  theater,  sociologists,  judges 
(even  of  the  Supreme  Court).  FBI.  and  CIA  occasionally  make 
mistakes  whose  consequences  range  from  modest  to  catas- 
trophic. But  over  the  past  few  years,  public  opinion  polls  have 
consistently  placed  research  scientists  way  at  the  top  of  the 
list  of  professions  rated  on  their  integrity  and  the  public's  re- 
spect, trust,  and  esteem  for  them. 

I  surely  don't  want  to  reduce  the  public's  confidence  in 
scientists  to  a  lower  level,  such  as  that  accorded  to  Supreme 
Court  Justices  or  Congressmen  or  Presidents,  but  it  /,v  im- 
portant to  scientists,  to  the  public,  and  to  their  Congressmen 
to  learn  whether  e\en  eminent  scientists  may  occasional- 
ly be  wrong — not  deliberately  or  maliciously — but  in  their 
estimate  or  conviction  of  where  the  "big  pay-off"  will  be 
in  science. 

In  the  good  old  days,  it  didn't  affect  other  scientists  (and 
their  work)  very  much  if  one  scientist  tried  to  be  clair\oyant 
but  wasn't,  because  each  scientist  was  free  to  ignore  or  fol- 
low up  the  prediction  or  advice  of  another.  Times  have  changed, 
and  w  ith  change  has  come  greater  probability  that  predictions 
on  where  to  put  the  public's  money  w  ill  do  good  or  harm  or 
both.  When  Congress  set  up  Institute  after  Institute  in  the  NIH 
(presumably  with  advice  from  scientists),  it  changed  prior- 
ities for  research  for  any  scientist  v\  ho  needed  NIH  support 
for  his  work.  When,  again  with  advice  from  scientists.  Congress 
greatly  increased  the  budgets  of  one  or  two  Institutes  and  de- 
creased the  research  buying  power  of  other  Institutes,  it  again 
re-ordered  national  priorities.  Whenever  Congress  eamiarked 
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any  part  of  its  appropriation  for  a  specific  project,  it  again  re- 
ordered priorities.  When  one  of  the  Institutes  assigned  more 
of  its  money  for  contract-supported  or  commission-directed 
or  panel-recommended  research,  it  again  reordered  the  pat- 
tern of  biomedical  research. 

For  good,  for  bad.  for  both'^  Nt>  one  knows.  For  a  couple- 
billion-dollar  organization  operated  by  scientist-administrators, 
with  the  advice  of  working  scientists,  and  for  the  over-all  ad- 
vance of  science,  it  is  remarkable  that  the  NIH  does  little  or 
no  continuing  research  on  the  effectiveness  of  new  ways  of 
setting  priorities  in  achieving  its  goals.  Tlie  data  on  clairvoyance 
in  science  are  all  in  their  files — from  the  day  of  the  first  NIH 
research  contract  and  the  first  commissioned-mandated  re- 
search program  to  today.  How  much  money  was  awarded  to 
each'^  for  what'.'  on  what  time  schedule'.'  on  or  against  whose 
advice'?  How  many  have  or  have  not  made  it  to  the  finish  line? 
What  exciting  new  ideas,  concepts,  diagnostic  technics,  and 
cures  have  come  from  these  new  ways  of  supporting  research'? 
How  many  have  made  it  to  Stockholm  and  the  Nobel  Prize? 
Is  the  huge  cancer  research  program  on  schedule? 

Until  someone  objectively  analyzes  recent  performances 
in  the  art  of  clairvoyance,  it  seems  w  orthw  hile  to  look  into 
the  Retrospectroscope  and  see  whether  eminent  scientists  have 
ever  been  wrong  in  their  predictions  of  what's  going  to  be  ter- 
ribly important  or  utterly  worthless. 

Some  Predictions  In  Biomedical  Science 

On  Poliomyelitis  Vaccine 

Simon  Flexner.  Director  of  the  Rockefeller  Institute  for 
Medical  Research,  was  quoted  in  an  article  in  the  New  York 
Times  in  1911.  which  said  (2): 

The  Rockefeller  Institute  . . .  believes  that  its  search  for 
a  cure  for  infantile  paralysis  is  about  to  be  rewarded. 
Within  six  months,  according  to  Dr.  Simon  Flexner. 
definite  announcement  of  a  specific  remedy  may  be 
expected.  "We  have  already  discovered  how  to  pre- 
vent the  disease."  says  Dr.  Flexner.  "and  the  achieve- 
ment of  a  cure.  I  may  conservatively  say.  is  not  now 
far  distant . . .  We  have  learned  where  it  [the  germ]  re- 
sides, how  the  disease  is  spread,  how  the  germ  enters 
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the  body,  the  main  sDurces  of  infection  and  the  means 
of  combatting  the  disease." 


Sir  Macfarlane  Burnet  (Nobel  Laureate 
1949(3): 


96U)  wrote  in 


The  natural  way  to  prevent  paralytic  poliomyelitis  is 
to  ensure  that  infants  are  repeatedly  infected  with  strains 
of  virus  of  low  paralytic  potentialities.  ...  In  a  present 
day  community,  any  use  of  living  virus  for  immu- 
nization would  he  unthinkable.  ...  A  killed  virus  is  a 
theoretical  possibility,  ...  but  there  is  in  sight  no  so- 
lution of  the  practical  difficulties  of  producing  it.  Until 
soineone  can  find  a  means  of  producing  relatively  large 
amounts  of  pure  or  nearly  pure  virus  free  of  foreign 
nervous  tissue.  e\en  experimental  immunization  of  chil- 
dren would  be  ab.solutely  unjustifiable,  i  can  see  no 
hope  at  present  of  such  a  vaccine  being  produced. . . . 
I  have  adopted  a  frankly  defeatist  attitude  toward  the 
problem  of  poliomyelitis  and  1  hope  that  future  de- 
velopments w  ill  prove  me  wrong.  . . .  No  means  of  con- 
trolling polioinyelitis  is  at  present  visible. 

If  only  these  two  predictions  had  been  switched  in  time — 
if  Burnet's  1949  wt)rds  had  been  spoken  b\  Fle.xner  in  1911 
and  vice  ver.sa —  both  predictions  would  have  been  correct. 
for  it  was  in  1949  that  Enders,  Waller,  and  Robbins  learned 
to  grow  kirge  quantities  of  polio\'irus  in  nt)n-neural  tissue.  Suc- 
cessful polio  vaccine  came  a  few  years  later. 

On  Cardiovascular  Diagnosis 

In  l'-)()5  (the  year  that  Korotkoff  published  his  new  non- 
invasive methtKi  for  measuring  both  systolic  (//((/diastolic  bkxxi 
pressure,  a  method  that  at  last  permitted  objecti\e  study  of 
the  natural  course  of  hypertension  and  of  methods  to  treat  it) 
the  British  Medical  Joiirual.  official  organ  of  the  British  Med- 
ical Association,  argued  tlial  by  sphygmomanomelry  "vse  pau- 
perize our  senses  and  weaken  clinical  acuity"  (4). 

Jiunes  Mackenzie,  England's  great  c;u'dit)logist,  was  imtago- 
nistic  toward  both  the  use  of  X-ray  s  iuid  the  electroctirdiogram 
because  he  was  convinced  that  such  aids  would  "blunt  the  sens- 
es and  the  acute  perception  of  the  clinical  observer"  (5). 

The  senior  cardiologists  of  Great  Britain  strongly  opposed 
and  censured  McMichael  and  Sharpey-Schafer  in  their  pio- 
neer efforts  to  use  cardiac  catheterization  as  a  diagnostic  tool 
(6).  Nevertheless,  by  .April  194.S,  the  two  had  performed  3.^13 
cardiac  catheterizations  in  humans  without  complications,  apart 
from  local  venous  thrombosis,  and  pro\ cd  that  all  dire  pre- 
dictions of  disaster  were  unwarranted. 

On  Cardiac  Surgery 

Sir  Stephen  Paget,  author  of  the  authoritative  text.  The 
Siii\i>ery  dJ  the  Chest,  predicted  in  1  896  (7): 


Surgery  of  the  heart  has  probably  reached  the  limits 
set  by  Nature  to  all  surgery:  no  new  methcxi  and  no  new 
discovery  can  overcome  the  natural  difficulties  that  at- 
tend a  wound  of  the  heart.  It  is  true  that  heart  suture 
has  been  vaguely  proposed  as  a  possible  procedure, 
and  that  it  has  been  done  on  animals,  but  I  cannot  find 
that  it  has  ever  been  attempted  in  practice. 


On  September  9  of  that  same  ye;ir,  Ludwig  Rehn  of  Frank- 
furt performed  the  first  successful  suture  of  a  human  heart 
wound!  A  little  later.  Sam  ways  (1898).  Brunton  ( 1902).  and 
Carrel  ( 1912)  all  proposed  methods  to  open  the  niuTowed  valve 
in  patients  with  mitral  stenosts.  Sir  Lauder  Brunton  (8)  sug- 
gested that,  before  attempting  this  in  man,  surgeons  should 
perform  experiments  on  animals  to  develop  a  suitable  tech- 
nique. He  himself  obtained  the  necessary  license  and  certificates 
for  animal  investigation  and  did  a  few  preliminary  experiments. 
However,  his  litnited  time  prevented  him  from  carrying  on. 
and  he  decided  to  try  to  stimulate  interest  of  fellow  surgeons 
in  continuing  the  work.  His  brief  communication  to  the  Lancet 
was  followed  the  next  week  by  an  editorial  in  the  same  jour- 
nal castigating  him  for  suggesting  such  a  highly  dangerous 
procedure  that  might  actually  make  a  patient  worse,  even  if 
he  survived  the  operation. 

Little  more  was  done  about  the  imtral  \ ahc  until  Cutler 
and  Levine  (1923)  and  Souttar  ( 1925):  each  report  dealt  with 
one  patient.  After  another  long  hiatus.  Bailey  pcrt'ormed  a  suc- 
cessful mitral  commissurotomy  in  1949.  and  surgery  on  car- 
diac valves  began  its  spectacular  journey. 

Munro.  in  1907.  proposed  ligafing  a  patent  ductus  luieriosus. 
but  as  late  as  1939.  Robert  Gross's  professor  cautioned  him 
against  performing  such  an  operation.  Despite  this  advice.  Gross 
was  bold  enough  to  ligate  such  an  artery  and  overnight  be- 
came the  father  of  modern  cardiac  surgery.  Yet  shortly  there- 
after, when  a  pediatric  cardiologist  named  Helen  Taussig  pro- 
posed to  Gross  that  he  perform  an  aortic-pulmonary  artery 
shunt  to  relieve  cyanosis  in  "blue  babies"  w  ith  a  type  of  con- 
genital heart  disease  known  as  tetralogy  of  Fallot,  he  turned 
her  down.  Gross's  ci^stal  ball  was  working  only  .'50%  of  the 
lime  in  1940,  but  he  was  then  .America's  leading  cardiac  sur- 
geon and  would  certainly  have  been  chairman  of  a  1940  NIH 
Connnittee  to  ad\  ise  on  cardiac  surgery. 

According  lo  Mcdavv;u'  (9).  Lord  Moynihiui.  Bnl;un"s  great 
surgeon,  said  in  1 930,  "Surgery  as  a  craft  has  reached  its  peak" 
and.  in  1932,  "We  can  surely  never  hope  to  see  the  craft  of 
surgery  made  much  more  perfect  than  it  is  today.  We  are  at 
the  end  of  a  chapter."  Medawar  noted  in  197.5  that  Moyni- 
han  remarked  that  operations  could  be  carried  out  (in  1932) 
of  a  kind  that  even  Lister  would  not  have  dreamed  possible, 
but  the  thought  never  entered  Moynihan's  head  that  in  the  fu- 
ture, operations  could  be  done  that  even  he  considered  im- 
possible in  1932.  Medawar  commented  that  Moynihan  was 
a  very  great  surgeon  and  a  man  of  v  ery  great  gifts,  but  these 
did  not  include  clairvoyance! 
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John  Gibbon,  who  spent  19  years  bringing  the  pump-oxy- 
genator  (artificial  heart  lung)  from  a  "mission  impossible"  idea 
to  a  practical  device  now  essential  for  much  of  modern  car- 
diac surgery,  was  fortunate  enough  to  get  laboratory  space 
in  which  to  work  and  funds  for  technical  help,  first  at  the  Mas- 
sachusetts General  Hospital  and  then  at  the  L'niversity  of  Penn- 
sylvania. But  Gibbon  recalls  that  '"Churchill  [in  Boston]  was 
not  enthusiastic  about  my  project  but  raised  no  objection  to 
iny  pursuit  of  my  goal.  Still  less  enthusiastic  was  my  friend, 
Walter  Bauer.  ...  Eugene  Landis  was  my  only  medical  friend 
w  ho  did  not  discourage  me  ...  he  said  that  if  I  thought  I  could 
succeed,  it  was  worth  gi\ing  it  a  try"  ( 10).  Landis  recalls  en- 
couraging Gibbon,  all  the  while  thinking  (silently,  thank  heav- 
ens), "what  a  long,  hard,  impossible  road  to  choose"  (11). 

When  Gibbon  worked  in  Ravdin's  Department  of  Surgical 
Research  at  Penn  ( 1936  to  1942).  1  was  an  instructor  in  Phar- 
macology working  on  the  floor  below  Jack  and  Mary  Gib- 
bon. I  know  that  they  were  well  liked  and  also  respected  for 
their  intense  dedication  to  their  project,  but  I  don't  recall  any 
faculty  member,  old  or  young,  who  had  much  interest  in  it 
or  expectation  that  anything  would  come  of  it.  I  can"t  think 
of  any  F^'csidential  Advisory  Panel,  appointed  in  1936  to  1942. 
that  wDuld  have  recommended  "full  speed  ahead"  on  Gib- 
bon's work. 

On  the  Discovery  of  Insulin 

Many  scientists  in  the  30  years  preceding  1921  tried  to  leam 
the  function  of  the  islets  of  Langerhans  in  the  pancreas.  So 
it  is  not  remarkable  that  when  a  young  small  tow  n  surgeon. 
Frederick  Banting,  who  had  done  no  research  (let  alone  re- 
search in  the  baffling  field  of  endocrinology-metabolism)  had 
an  idea  and  took  it  to  J.  J.  R.  Macleod  (Professor  of  Physi- 
ology at  the  Lni\ersity  of  Toronto.  Canada's  scientific  lead- 
er in  this  field),  Macleod  did  not  roll  out  the  red  caipet.  It  ap- 
pears that  Macleod  in  fact  did  his  best  to  discourage  Banting. 
What  did  Banting  know  about  the  anatomy,  histology,  and 
physiology  of  the  pancreas,  about  the  chemistry  of  blood  sugai', 
about  clinical  diabetes,  and  what  could  Banting  hope  to  ac- 
complish that  highh  trained  physiologists  had  not  succeed- 
ed in  achieving,  establishing,  or  proving?  Banting  replied  that 
all  he  wanted  was  10  dogs  and  an  assistant  for  eight  weeks. 
Macleod  was  about  to  go  on  vacation  in  Europe  and  against 
his  better  judgment  provided  Banting  with  10  dogs  and  an  as- 
sistant, Charles  Best,  who  was  a  medical  student.  Banting  start- 
ed to  work  on  May  16.  1921.  and  on  July  27  (10  weeks  later) 
administered  the  first  crude  preparation  of  insulin  into  a  dying 
depancreatized  dog.  By  early  1922,  the  purification  and  com- 
mercial prepmation  of  insulin,  and  the  saving  of  li\'es  of  dying 
diabetic  patients,  had  become  the  full-time  occupation  of  Bant- 
ing. Best.  Macleod.  CoUip  (a  chemist),  and  scores  of  others. 
In  1923  Banting  and  Macleod  won  the  Nobel  Prize. 

HaiTy  Eagle  has  stated  that  he  has  "more  confidence  in  the 
collective  judgment  of  10.000  independent  investigators  than 


in  that  of  10  wise  men  sitting  around  a  table"  (12).  In  this  case. 
Banting  and  Best  were  two  of  10,000  scientists  with  special 
imagination,  conviction,  and  detemiination.  and  Macleod  was 
one  of  1 0  wise  men. 

On  Heparin 

No  one  predicted  an  important  use  for  heparin  (discovered 
by  McLean  in  1916)  until  the  1940s.  William  Howell. 
McLean's  professor,  presented  a  Harvey  Lecture  in  1916-17; 
his  only  prediction  with  respect  to  the  clinical  importance  of 
hepiuin  was  that  hemophilia  might  he  due  to  excessive  amounts 
of  heparin  in  circulating  blood  ( 13).  It  is  surprising  that  he 
did  not  suggest  that  heparin  be  purified  and  used  to  replace 
hirtidin  in  the  artificial  kidney  ( vividiffusion)  reported  by  Abel, 
Rowntree.  and  Turner  in  1913  and  1914;  the  best  explana- 
tion is  that  no  one  in  1916  predicted  any  clinical  use  of  the 
artificial  kidney! 

Best,  co-discoverer  of  insulin  in  192 1 .  put  Charles  and  Scott 
to  work  in  1933  to  prepare  pure  heparin  for  laboratory  use. 
Best  also  gave  a  Harvey  Lecture  on  heparin;  this  one  was  in 
1940  ( 14)  after  the  Toronto  group  had  pioneered  in  the  clin- 
ical use  of  heparin.  Best  did  "hope  that  some  day  the  tech- 
nique [of  exchange  transfusions|  may  be  perfected  by  which 
kidneys  or  perhaps  some  other  organ  of  normal  subjects  may 
be  made  available,  as  it  were,  to  patients  in  whom  there  is  a 
serious  bur  presumably  transient  deficiency  in  some  phys- 
iological function."  He  also  said  that  "heparin  is  a  valuable 
adjuvant  in  certain  types  of  vascular  surgery  ...  on  the  sub- 
stitution of  veins  for  arteries  in  certain  cases  of  arterial 
aneurysm,  the  removal  of  emboli,  . . .  and  the  repair  of  sev- 
ered arteries."  He  also  suggested  carefully  controlled  clini- 
cal studies  of  the  value  of  hepaiin  in  treating  patients  with  coro- 
nary artery  thrombosis. 

Best,  in  1940.  was  both  cautious  and  accurate  in  most  of 
his  predictions,  and  from  his  association  w  ith  Mun'ay's  sur- 
gical group  in  Toronto  made  some  that  didn't  occur  to  How- 
ell in  1916.  But  Best  still  did  not  predict  one  major  use  of  hep- 
arin— as  an  anticoagulant  for  pump-oxygenators —  although 
Gibbon  had  been  at  work  on  his  artificial  heart-lung  for  six 
years  and  had  published  papers  in  1937  and  1939  mention- 
ing his  use  of  heparin. 

On  the  Artificial,  Implanted  Heart 

In  mid- 1964,  one  of  America's  most  eminent  scientists 
wrote  to  the  Director  of  the  National  Heart  Institute: 


For  sometime  I  have  been  puzzling  why  an  artificial 
heart  has  not  yet  been  made  available  as  a  fruit  of  our 
technological  de\e!opments.  ...  I  believe  the  problem 
is  technically  difficult  but  easily  manageable  within 
the  framework  of  our  present  scientific  knowledge  and 
technical  proficiency.  We  have  however  pennitted  it 
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to  remain  a  subject  of  Iragrnentary  scientific  studies 
rather  than  of  a  unified  engineering  program.  We  do 
ourselves  a  great  disservice  to  neglect  the  opportuni- 
ty of  a  systems  response  to  what  is  now  a  well-defined 
technical  problem,  which  is  so  much  a  matter  of  en- 
gineering design,  material  development  and  empiric 
testing  and  should  not  be  confused  with  the  basic  re- 
search that  was  needed  at  its  foundation. 


The  NHI  had  indeed  been  supporting  leseaieh  and  de- 
velopment on  the  ailificial  heait,  but  following  this  "we  know 
all  we  need  to  know ;  it's  lime  to  apply  it"  letter  from  a  Nobel 
Laureate,  the  National  Heail  Institute  drew  up  a  master  plan 
for  a  systems  approach  to  the  artificial  heart  that  called  for 
the  signing  of  contracts  by  July  1.  I96.'i  and  implantation  of 
artificial  hearts  in  patients  by  February  14.  1970.  It  asked  for 
Congiessional  appropriations  of  $270,000  for  fiscal  year  1965, 
about  $,S.(XK).(XK)  for  l%6,  and  a  little  more  than  $1()0.000.(X)() 
in  1967 — in  true  "moon  shot"  style. 

By  mid- 1 976.  a  clinical  practical  device  was  still  not  on 
the  hori/on  and  the  NHI  (now  the  NHLBl  I  had  long  since  de- 
cided to  emphasize  support  of  short-term  \  entricular-assist 
devices  rather  than  the  inore  dramatic  implanted  plutonium- 
powered  mechanical  heart.  Why?  Some  tnay  say,  "because 
Congress  never  appropriated  the  "moon  shot'  type  of  money 
for  an  all-out  systems  approach  for  the  plastic  heart."  Could 
it  have  been  because  we  really  did  not  know  all  we  needed 
to  know  and  that  we  needed  more  than  a  group  of  engineers 
to  glue  the  parts  together? 

On  the  Mana^eiiieiil  of  Infection 

Oliver  Wendell  Holmes.  Professor  of  Anatomy  and  Phys- 
iology at  Harv  ard  Medical  School,  presented  evidence  in  1 843 
that  childbed  fever  was  contagious  and  was  frequently  car- 
ried from  patient  to  patient  by  physicians  and  niu'ses.  He  was 
attacked  by  C.  L.  Meigs,  Professor  of  Midwifery  at  Jeffer- 
son Medical  College  in  Philadelphia  and  by  Hodge,  Profes- 
sor of  Obstetrics  at  the  Lhiiversily  of  Pennsylvania: 

Hodge  begged  his  students  to  divest  their  minds  of  the 
dread  that  they  could  ever  carry  the  dreadful  virus. 
Meigs  scorned  Holmes's  deductions  as  characteristic 
of  the  "jejune  and  fi/./enless  vaporings  of  sophomore 
writers"  and  adiled  that  he  preferred  io  atlribule  the 
ilcaths  to  "accident,  or  providence,  of  which  1  can  form 
a  conception,  rather  than  to  a  contagion  of  which  1  can- 
not fomi  ans  clear  idea,  at  least  as  to  this  particular  mal- 
ady." (See  I.S.  16) 


flndoubtedly.  Holmes  had  antagonized  members  of  the 
medical  profession  by  suggesting  that  they  were  carriers  of 
death,  ami  his  scientific  observations  further  drew  scorn  be- 
cause he  v\  as  "a  sophomore  w  riter." 


In  1847,  Ignaz  Semmelweiss  of  Vienna  independently  pro- 
posed that  childbirth  fever  was  contagious.  He  stated  that  it 
was  caiTied  to  women  in  the  city's  obstetrical  wards  by  "ca- 
daveric material"  on  the  hands  of  physicians  and  students  com- 
ing directly  from  the  postmortem  room  to  the  delivery  room. 
He  instituted  a  strict  routine  that  all  hands  about  to  touch  pa- 
tients must  first  be  thoroughly  washed  in  a  solution  of  chlo- 
linated  lime.  Mortality  from  puerperal  sepsis  fell  at  once  from 
1 2  to  3  per  cent  and  later  to  one  per  cent.  But  his  revolutionary 
doctrine,  like  that  of  Holmes  incriminated  obstetricians  as  the 
carriers  of  disease  and  death  and  aroused  fierce  opposition 
from  medical  authorities,  including  the  great  pathologist,  Vir- 
chow  ( 16).  Semmelweiss,  ostracized,  denounced  and  lidiculed, 
died  18  years  later  in  an  insane  asyluin.  If  there  had  been  a 
Viennese  Imperial  task  force  on  puerperal  sepsis,  would  it  have 
given  Semmelweiss  a  chance  to  prove  his  theory? 

Lord  Lister's  acceptance  of  Pasteur's  germ  theory  of  dis- 
ease and  his  vigorous  attempts  to  achieve  antisepsis  in  sur- 
gical operating  rooms  met  with  fierce  opposition  partly  by 
hospital  administrators  who  saw  the  reputations  of  their  hos- 
pitals being  destroyed,  and  partly  by  physicians  who  still  dis- 
believed the  germ  theory  of  infection.  It  is  interesting  that  one 
physician  most  influential  in  disparaging  Lister  was  James 
Simpson,  who,  when  he  introduced  chloroform  into  obstet- 
rics and  surgery  only  a  few  years  earlier,  was  denounced  by 
the  clergy,  both  from  the  pulpit  and  in  pamphlets,  on  the 
grounds  that  anesthetics  were  decoys  of  Satan  (see  17).  Ap- 
p;ucntly,  being  attacked  witliout  reason  does  not  deter  one  from 
attacking  another  without  reason! 

In  1938.  the  Medical  Research  Council  of  England  turned 
down  Ernst  Chain's  request  for  very  modest  support  of  his 
research  project:  on  the  chemical  and  biochemical  properties 
of  antibacteiial  substances  produced  by  microorganisms  (now 
know  n  as  aniihiotics).  which  a  few  years  later  (with  support 
from  the  Rockefeller  Foundation)  led  to  the  purification  of 
penicillin  and  a  Nobel  Prize:  Medawar  (9)  recalls  Lord  Flo- 
rev's  telling  him  that  wise  old  gray  heads  in  England  shook 
(or  wobbled)  regretfully  from  side  to  side,  pronouncing  that 
the  future  of  antibacterial  therapy  lay  not  with  extracts  of  fungi 
and  other  medieval-sounding  concoctions  but  with  synthet- 
ic organic  chemicals  of  which  sulfanilamide  was  the  paradigm. 
We  must  flunk  the  MRC  of  England  in  clairvoyance  on  this 
decision:  lt)rtunate  indeed  that  not  all  funds  are  controlled  by 
one  agency  with  one  set  of  advisers! 

Some  Predictions  in  Other  ,Sciences 

.\n\  scientist — not  only  biomedical  scientists — can  have 
a  clouded  crystal  ball.  Neils  Bohr.  Danish  atomic  physici.st 
and  Nobel  Laureate,  is  leported  to  have  said,  "It  is  very  dif- 
ficult to  predict  — es|K-cialK  the  future":  Mark  Twain  remarked 
that  "the  man  with  a  new  idea  is  a  crank  until  the  idea  suc- 
ceeds": and  Peter  Medawar  entitled  one  of  his  articles  "Some 
Follies  of  Prediction." 
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Francis  Bacon  could  not  believe  that  the  earth  goes  around 
the  sun;  Galileo  could  not  accept  Kepler's  evidence  that  plan- 
ets move  in  ellipses;  Maxwell  in  1879  said.  "Atoms  ...  con- 
tinue to  this  day  as  they  were  created,  peifect  in  number,  mea- 
sure and  weight";  Pasteur  at  the  height  of  his  fame  stated  that 
scientific  methods  could  never  be  applied  successfully  to  the 
study  of  emotions  (at  a  time  when  Pavlov  and  Cannon  were 
waiting  in  the  wings);  Lord  Kelvin,  throughout  a  very  dis- 
tinguished life  in  science,  never  discarded  the  concept  that 
the  atom  is  an  indivisible  unit  (18.  19). 

In  1845,  J.  J.  Waterston  submitted  a  paper  on  the  molec- 
ular theory  of  gases  to  the  Proceedings  of  the  Royal  Society. 
Although  Waterston's  work  anticipated  much  of  the  later  work 
of  Joule,  Clausius,  and  Maxwell,  the  referee  entrusted  with 
evaluating  the  manuscript  said.  ""This  paper  is  nothing  but  non- 
sense." The  paper  lay  in  oblivion  until  rediscovered  45  years 
later.  According  to  Trotter  (20).  after  the  rejection  Waterston 
lived  on  disappointed  and  obscure  for  many  years  and  then 
disappeared,  leaving  no  sign. 

Thomas  Edison,  one  of  the  world's  greatest  and  most  pro- 
lific inventors  (he  had  almost  1.300  patents  in  all),  could  not 
predict  any  practical  use  for  his  only  discovery  in  "pure"  sci- 
ence. It  was  the  ability  of  electrons,  under  certain  conditions, 
to  travel  unimpeded  through  a  vacuum.  This  "Edison  effect" 
later  was  used  by  J.  A.  Fleming  to  develop  a  "current  recti- 
fier" and  that  in  turn  permitted  Lee  deForest  to  invent  the  first 
radio  tube  (see  21). 

In  1 882,  Western  Union  commissioned  a  committee  of  ex- 
perts to  look  into  a  new  invention  claimed  to  ti;msmit  the  human 
voice  from  one  place  to  another  through  wires.  The  inven- 
tor's name  was  A.  G.  Bell;  he  called  his  device  the  telephone. 
Western  Union's  blue  ribbon  panel  reported,  in  part  (22): 

This  fellow  Bell's  profession  is  that  of  a  voice  teach- 
er, particularly  a  teacher  of  the  deaf  He  appeiirs  to  have 
had  no  previous  experience  with  any  form  of  com- 
munication electronic  or  otherwise;  yet  he  claims  to 
have  discovered  a  concept  which  has  been  overlooked 
by  hundreds  of  experts  who  have  spent  years  in  the  par- 
ticular field. 

Bell's  proposal  to  place  his  instrument  in  every  home 
and  business  is.  of  course,  fantastic  in  view  of  the  cap- 
ital costs  involved  in  installing  endless  numbers  of  wires. 

We  feel  that  it  is  unlikely  that  any  substantial  number 
of  people  will  ever  buy  such  a  concept  in  vie  w  of  the 
fact  that  there  are  telegraph  offices  now  giving  effi- 
cient round-the-clock  service  in  every  neighborhood 
in  even  the  smallest  towns. 

In  conclusion  the  committee  feels  that  it  must  advise 
against  any  investment  by  Western  Union  in  Bell's 
scheme.  We  do  not  doubt  that  it  might  find  a  few  users 
in  special  circumstances — such  as  between  the  bridge 
of  a  ship  and  the  engine  room — but  any  development 


of  the  kind  and  scale  which  Bell  so  fondly  imagines 
is  utterly  out  of  the  question. 

The  opinion  of  Western  Union's  Commission  was  shared 
by  P.  G.  Tait.  Scottish  physicist  eminent  in  the  fields  of  ther- 
modynamics and  gas  kinetics,  who.  learning  of  the  in\ention 
of  the  telephone,  said.  "It  is  all  humbug,  for  such  a  discov- 
ery is  impossible"  (19). 

Professor  Simon  Newcomb,  famous  American  astronomer, 
professor  of  mathematics  and  astronomy  at  Johns  Hopkins 
University  and  editor  of  the  Anwiiciin  Jaunuil  ofMciihciiuiiics, 
said  (23): 

"Human  flight  is  not  only  impossible  but  illogical." 
A  new  metal  or  a  new  force  in  nature  would  have  to 
be  discovered  before  man  could  fly.  E\en  if  by  some 
miracle  a  man  should  invent  a  power-machine  tliat  could 
get  off  the  ground,  it  would  inevitably  crash  and  kill 
its  pilot.  "Once  he  slackened  his  speed,  down  he  be- 
gins to  fall.  Once  he  stops,  he  falls  a  dead  mass." 

His  views  were  published  in  1 903.  On  December  1 7  of  that 
year.  Orville  and  Wilbur  Wright  made  their  first  flight  in  a 
heavier-than-air  plane,  at  Kitty  Hawk.  North  Carolina. 

Stern  (24)  points  out  that: 

Most  steel  men  knew  that  Henry  Bessemer"  s  ideas  of 
making  steel  by  blowing  air  through  molten  iron  was 
absurd.  Despite  universal  ridicule  Bessemer  built  his 
own  plant,  and  revolutionized  steel  making.  The 
ridiculers  are  lost  to  history.  William  Siemens  knew 
that  his  open-hearth  process  for  making  steel  was  fun- 
damentally sound.  No  one  else  believed  it  until  he  had 
demonstrated  its  success  in  the  steel  plant  he  built  him- 
self After  the  steel  makers  had  all  climbed  on  the  wagon 
with  him.  many  of  them  contended  that  they  had  thought 
of  it  first.  Hadfield  discovered  that  steels  containing 
13  per  cent  of  manganese  were  strong,  tough,  and  very 
desirable.  He  couldn't  convince  even  his  own  father. 
a  foundry  owner,  that  this  was  true.  Eventually.  Had- 
field's  work  led  to  the  opening  of  the  entire  field  of 
alloy  steels.  Not  many  years  ago  all  electronic  experts 
knew  that  chromium  plating  could  never  be  practical — 
all  but  one  or  two.  Millions  of  automobile  bumpers 
show  evidence  of  the  experts'  errors.  Before  1908  it 
was  known  that  it  was  impossible  to  make  ductile  tung- 
sten wire,  but  in  that  year  Dr.  W.  D.  Coolidge.  of  the 
General  Electric  Laboratory,  forced  that  tradition  out 
of  the  window. 

Success  in  Predicting 

Some  decisions  that  involved  large  sums  of  money  and 
changed  the  directions  of  many  scientists  have  been  vei7  wise 
ones.  The  decision  of  the  Nadonal  Foundation  for  Infantile 
Paralysis  to  put  much  of  its  resources  into  basic  studies  in  vi- 
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rology  rather  than  into  specific  applied  programs  is  credit- 
ed with  speeding  the  w  ork  of  Enders  and  his  associates  and 
the  development  of  a  successful  and  safe  polio  vaccine.  The 
scientific  advice  that  led  the  United  States  into  the  Manhat- 
tan project  and  the  atomic  bomb  was  correct  and  greatly  in- 
creased the  respect  of  Congress  and  the  Administration  for 
scientific  consultants.  As  Senator  Tydings  adnntled  to  Dr.  Leo 
Szilard  in  194.S  (25): 

Doctor,  if  in  1 9?:9  we  had  been  conducliny  a  lieaniig 
like  we  are  conducting  today,  and  men  like  yourself 
had  come  before  our  committee  and  projected  the  pos- 
sible development  of  the  bomb  up  to  now  u  ilh  rea- 
sonable accuracy .  I  imagine  they  would  ha\e  been  c;illed 
a  lot  of  crackpots  and  ...  visionaries  who  were  play- 
ing with  theories.  I  certainly  would  not  have  had  the 
receptivity  that  I  have  today  to  say  the  least. 


The  decision  in  the  early  1940s  of  the  Committee  on  Med- 
ical Research  of  the  Office  of  Scientific  Research  and  De- 
velopment to  proceed  with  a  crash  program  for  mass  pro- 
duction of  penicillin  had  far-reaching  effects,  and  part  of  its 
success  must  be  attributed  to  Roosevelt's  decision  to  acti- 
vate these  advisory  committees  long  before  America  entered 
World  War  II. 

Many  cooperative  clinical  trials,  such  as  those  for  peni- 
cillin and  antituberculosis  drugs,  were  also  highlv  success- 
ful. The  decision  of  the  Armed  Forces  Epidennological  Board 
to  create  a  Streptococcus  Disease  Laboratory  in  1948  resulted 
in  the  prophylactic  treatment  of  acute  rheumatic  fever.  It  ap- 
pears that  special  Task  Forces.  Panels,  or  Commissions  can 
work  very  well  when  all  the  basic  information  is  at  hand,  w  hen 
the  goal  is  clear  cut.  and  when  the  time  is  ripe  to  wrap  up  a 
problem.  They  are  less  effective  when  the  basic  informatiim 
is  not  at  hand  and  one  needs  whole  nev\  ideas  and  concepts 
and  methods  for  scientific  advance. 

No  one  has  yet  made  a  long-term,  serious  attempt  to  suid\ 
the  factors  that  make  for  successful  predictions  (26).  although 
a  recent  Ciba  conference.  "The  Future  as  an  Academic  Dis- 
cipline," suggests  the  possibility  that  dep;ulmciits  dealing  w  itii 
the  Future  may  stand  side  by  side  with  departments  of  His- 
tor\  in  the  structure  of  unisersities  (27). 

Concliidinj;  Remarks 

( 1 )  This  look  into  the  Retrospectroscope  makes  no  pretense 
at  being  a  scientific,  quantitative  analysis  of  clairvoyance.  But 
it  does  produce  examples  of  proininent  scientists  who  were 
sometimes  deficient  in  this  attribute — enough  examples  to 
justify  a  study  of  the  fallibility  or  infallibility  of  scientists  em- 
inent enough  to  become  advisers  to  Congress  and  institutes. 
Such  a  .study  is  needed  because  leading  scientists  today  con- 
trol not  only  the  direction  that  their  own  research  takes,  and 
mavbe  that  of  their  immediate  staff,  but  also  the  direction  of 


research  of  many,  perhaps  the  great  majority,  of  biomedical 
scientists  in  the  United  States.  How?  Simply  because  Pres- 
idents. Congress.  Institutes,  and  Foundations,  eager  to  cure 
dread  diseases  as  quickly  as  possible,  have  appointed  Coun- 
cils. Panels.  Task  Forces.  Commissions,  and  Committees  and 
asked  the  members  of  these  to  look  into  their  crystal  ball  and 
fmd  specific  programs  guaranteed  to  elinnnate  these  diseases 
promptly.  Quite  often  such  panels  recommend  significant 
changes  in  federal  research  budgets  that  in  effect  decrease  the 
free  choice  of  scientists  to  do  w  hat  lhc\  and  their  peer  review 
groups  consider  lo  be  good  science. 

(2)  Producing  examples  of  errors  in  predicting  the  future 
requires  naming  names.  Naming  scientists  v\as  certainly  not 
the  prime  purpose  of  this  Retrospectroscope,  nor  was  it  in- 
tended to  lessen  the  stature  of  the  named  scientists.  Ob\  iously. 
this  look  backward  vsould  have  been  pointless  if  it  dealt  only 
with  unheard  of.  unsuccessful  scientists.  As  my  kindly  old 
professor  of  surgery  said  repeatedly  in  his  qui/  sections  with 
students.  "Boys,  everyone  makes  mistakes;  that's  why  they 
always  put  erasers  at  the  end  of  lead  pencils."  Science  pro- 
gresses by  continuously  re\ising.  extending,  or  completely 
overturning  existing  "facts"  to  create  new  concepts  that  may 
become  "facts"  and  in  turn  be  re\  ised  or  discarded;  it  rarels 
progresses  by  producing  "breakthroughs"  on  demand. 

(3)  This  look  has  concerned  itself  v\  iih  official  clairvoy- 
ance at  the  national  (Congressional  or  NIH)  level  that  can  alter 
the  flow  of  \ast  amounts  of  research  funds  and  so  direct  many 
scientists  into  few  er  and  more  restricted  channels.  It  has  not 
concerned  itself  with  spcculniidii  lha(.  1  believe,  should  be 
an  important  part  of  e\ery  oral  or  written  scientific  presen- 
tation. Such  speculation,  in  my  view,  hnnulcns  the  choice  of 
indi\  idual  scientists  w  ho  are  exposed  to  it  because  they  are 
quite  free  to  ignore  it.  verify  it.  or  demolish  it. 

Julius  H.  Comroe,  .Ir. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  .section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue. 
February  1  for  the  April  issue,  etc).  Include  all  penment  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 10.10  Abies 
Lane.  Dallas  TX  75229-45y:< 


The  American  Respiratory  Care  Foundation  Announces 

Literary  Awards  for  1995 


1995  Award  tor  Best  Original  Paper 

Bc.sl  Paper  Puhlishcd  from  November  1994  lliroiigli 
November  1995  ($2,000) 

Patient-DeterniinetJ  Inspiratory  Flow  during  .AssistecJ 
Mechanical  Ventilation — CF  Haas.  RD  Branson,  LM 
Folk,  RS  Campbell,  CR  Wise,  K  Davis  Jr.  RE  Dechert,  and 
JG  Weg  [RespirCare  1995;40(7):716-72ll 


Best  Review  Paper 

Best  Review  Paper  Published  from  November  1994  to 
November  1995  ($500) 


Dr  Allen  DeVilliiss  Technology  Paper  Award 

Best  Paper  published  from  November  1994 

through  November  1995  that  addresses 

new  teehnology  or  a  new  application 

of  current  technology  in  respiratory  care 

I $2,000  cash  plus  travel  expenses  to  the 

AARC  Aniui(d  Meeting  to  receive  the  award) 

Inhaled  Nitric  Oxide:  E\akiatit)n  of  a  Continuous  Titration 
Delivery  Technique  for  Infant  Mechanical  and  Manual 
Ventilation — P  Betit,  I  Adatia,  P  Benjamin,  JE  Thompson, 
and  DLWessel  [RespirCare  I995:4()(7):706-7I5| 


Pulmonary  Disease  in  AIDS:  Implications  for  Respiratory 
Care  Practitioners — DL  Medin  and  FP  Ognibene  (Respir 
Care  I995;40(8):832-854| 


Allen  &  Hanburys  OPEN  FORUM  Awards 

Best  Papers  Based  on  OPEN  FORVM  Presenlatlons 

A  Case  of  Patient-Ventilator  Dyssynchrony  Caused  by 
Inadvertent  PEEP— T  Blackson,  J  Ciarlo,  and  A  Rizzo 
IRespir  Care  1995:40  ( 1 1 ):  1 144-1 147|  ($.500) 

The  Impact  of  a  Postoperative  Oxygen  Therapy  Protocol 
on  Use  of  Pulse  Oximetry  and  Oxygen  Therapy — JJ 
Komara  Jr,  and  JK  Stoller  [RespirCare  I995;40(l  l):1 125- 

1  1291  (S5()0) 

Asthma  Self-Management  Programs  Can  Reduce  the  Need 
for  Hospital  Based  Asthma  Care — G  Lawrence  [Respir 
Care  1995:40(1  ):39-43|  (S500) 

Bench  Evaluation:  Three  Face-Shield  CPR  Barrier 
De\  ices — M  Simmons,  D  Deao.  L  Moon,  K  Peters,  and  S 
Cavanaugh  [RespirCare  I995:40(6):618-623|  ($500) 

Evaluation  of  a  Method  for  Measuring  Minute  Volumes 
during  Bias-Flow  Ventilation — A  Torres  Jr.  MP  Yeh,  S 
Wilson,  M  Anders,  and  MJ  Heulitt  [RespirCare  1995:40 
(lj:22-27jt$500) 


Radiometer  Awards  for  Best  Features 

Kittredge's  Corner — Respiratory  Inductive  Plethys- 
mography: Application  in  Infants — SH  Alderson  and  RH 

Warren  [Respir  Care  1995:40(  1 ):  1 14- 1 20|  ($333) 

Test  Your  Radiologic  Skill — Neonate  with  Right  Hcmi- 
thorax  Opacification — SE  Sittig  [RespirCare  1995:40(3): 
296-301  [ 

Test  Your  Radiologic  Skill — Removal  of  a  Closed-System, 
Directional-Tip  Suction  Catheter — RA  Milisch,  DS  Rho, 
and  SA  Schell  [RespirCare  I995;40(4):438-441] 

Call  for  Abstracts 
1996  Respiratory  Care  Open  Forum 

Early  Deadline;  February  11.  1996 
Final  Deadline:  April  28.  1996 

Accepted  abstracts  will  be  printed  in  the 
October  1 996  issue  of  Respiratory  Care 

Selected  authors  will  present 

their  research  at  the  Open  Forum  during  the 

1996  AARC  Annual  Meeting  in 

San  Diego.  California 
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The  National  Board  for  Respiratory  Care— 19%  Examination  Dates  and  Fees 


Examination 

CRTT  Ex;imin;iticin 


RRT  ExaminaliciTi 


CPFT  E\aiiiinati(in 


RPFT  Examinalion 


Perinatal/Pedialrii 
Respiratory  Care 


Examination  Date 

March  9.  19% 

Application  Deadline:  January  1.  1996 

July  20.  1996 

Application  Deadline:  May  1.  1996 

November  9.  1996 

Application  Deadline:  Septemher  1.  1996 

Jimc  1,  1996 

Application  Deadline:  February  1.  1996 


December?.  1996 

Application  Deadline:  .August  1.  1996 

June  1.  1996 

Application  Deadline:  April  1.  1996 

December?.  1996 

Application  Deadline:  Septemher  1.  1996 

March  9.  1996 

.'Application  Deadline:  November  1.  1995 


Examination  Fee 

$  90  (new  applicant) 

60  (reapplicant) 

100  (new  applicant! 

60  (reapplicant) 

100  (new  applicani) 

60  (reapplicant) 

100  Written  only  (new  applicant) 

60  Written  only  (reapplicant) 

110  CSEonly  (all  applicants! 

210  Boih  (new  applicant) 

170  Both  (reapplicant) 

1 10  (new  applicant) 

SO  (reapplicant! 

160  (new  applicant! 

130  (reapplicant! 

160  (new  applicant) 

130  (reapplicant) 


Eor  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care.  8310  Nieman  Road.  Lenexa  KS  66214,  or  call  (913!  599-4200. 


Ohe  National  Hcmr  SmeUj  jm 


$ 


IBeta  SoctettJ 

the  'Frojcision  l>J  iKfspiralory  Care 


FACULTY  AND  PROGRAM  COORDINATORS 

For  information  about  the  Lambda  Beta  Society — the  National  Honor  Society  tor  the 
Profession  of  Respiratory  Care,  contact  the  Society  Office  at  170!  W  Euless  Blvd. 
Suite  200.  Euless  TX  76040.  (817)283-4269. 
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New  Products 
&  Services 


News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  CARE  Journal.  New 
Products  and  Services  Dept,  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Locking  Storage.  Armstrong  Med- 
ical Industries  releases  a  new  locking 
storage  cabinet  designed  to  hold  fiberop- 
tic .scopes.  According  to  Armstrong  the 
Locking  Scope  Holder  is  made  of  dur- 
able steel  and  can  store  up  to  S  scopes. 
The  unit  has  a  padded  interior,  adjustable 
rack,  and  ample  ventilation.  The  Scope 
Holder  may  be  attached  to  a  cart,  mo- 
bile workstation,  or  wall.  For  infor- 
mation and  a  catalog,  w  rite  to  Amistrong 
Medical  Industries  Inc.  Dept  RC.  573 
Knightsbridge  Parkway.  Lincolnshire 
IL  60069.  Or  mention  REi.SPIRATORY 
Care  when  calling  (800)  323-4220. 
Western  States  (800)  442-6991 . 


MOMIORINC;  S^  STKM.  Driiger  Inc  re- 
leases the  Capnosat  Monitoring  System 
for  capnography  and  pulse  oximetry. 
The  company  claims  that  the  Capnosat 
may  be  used  in  application  ranges  for 
pediatric  and  adult  patients;  however. 
it  works  best  in  the  neonatal  sctliiii;  usinu 


a  sample  flow  of  <  50  mL/min.  Another 
unique  feature  is  the  use  of  a  plasma  ra- 
diation source  specific  for  CO:  that  elim- 
i nates  the  need  for  interference  filters, 
lenses,  and  chopper  wheels.  This  mea- 
suring process  has  a  low  sensitivity  to 
other  gases  and  water  \apor  and  a  rapid 
respon,se  time  (<  240  ms).  The  SpO:  mea- 
surement is  based  on  Nellcor  technol- 
ogy and  is  compatible  with  other  Nell- 
cor sensors.  For  details,  write  to  Driiger 
Inc,  Critical  Care  Systems,  4101  Pleas- 
ant Valley  Road.  Suite  100.  Dept  RC. 
ChamillyVA  22021.  (703)  817-0100. 
Please  mention  RESPIRATORY  CARE. 


Electrocardiograph  Rkcorder. 

Burdick  Inc"s  nev\  line  of  electroc;u"dio- 
graph  (ECG)  recorders  are  designed  to 
use  less  space  and  provide  higher  effi- 
ciency. Burdick  claims  that  its  new 
Eclipse  ECG  recorders  improve  effi- 
ciency with  more  features  such  as  a 
print  preview  function,  high-qualils 
tracings,  ready-to- tile  reports,  and  easy 
data  entry.  The  Eclipse  is  available  in 
6  configurations.  Portable  units  w  ith 
rechaigcable  batteries  lue  also  available. 
In  addition,  a  new  lightweight  ECG  cart 
designed  for  the  Eclipse  is  offered.  For 
more  intormation.  call  Burdick  Inc  at 
(800)  955-5 1 77.  ext  205.  Remember  to 
mention  RESPIRATORY  CARE. 


Finger  Pulse  Oximeter.  Nonin 

Medical  Inc  introduces  the  Nonin 
ONYX^" — a  self-contained  finger  pulse 
oximeter.  The  new  design,  according  to 
the  manufacturer,  incorporates  batter- 
ies, electronics,  and  LED  display  into 
a  unique  finger  sensor.  The  ONYX 
weighs  2  ounces  including  the  batter- 
ies. The  oximeter  may  be  used  for  spot 
checks  or  attended  monitoring  in  adult 
or  pediatric  patients.  Write  to  Nonin 
Medical  Inc,  Dept  RC,  2605  Fembrook 
Lane  North.  Plymouth  MN  55447-4755. 
for  more  information.  Please  mention 
RESPIRATORY  CARE  when  you  call 
(800)  447-ONYX  (6699). 


.Asthma  Video.  HealthScan  Products, 
a  division  of  Healihd\ ne  Technologies, 
launches  a  new  patient  education  video, 
Liviiii;  with  Asrhiiui:  Wliai  Yoii  Can  Do. 
The  video  is  di\  ided  into  two.  6-minute 
segments,  according  to  the  producer. 
The  first  segment  teaches  patients  how 
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to  use  the  company's  Personal  Best* 
Peak  Flov\  Meter;  the  second  segment 
instructs  patients  in  the  use  of  the  Op- 
tiHaler®  Drug  Delivery'  System.  The  vi- 
deo explains  peak  expiratory  flow  and 
measuring  by  the  3-zone  method.  In  ad- 
dition, patients  are  taught  techniques  to 
use  with  a  metered-dose  inhaler  and 
spacer.  Available  in  Spanish  and  Eng- 
Hsh  versions,  the  video  is  free  to  physi- 
cians and  respiratory  care  profession- 
als who  use  HealthScan  Products.  For 
more  information,  call  (800)  962-1266. 
Please  mention  RESPIR.^TORY  CARE 
when  calling. 


Asthma  Monitor.  ENACT  Health 

Management  Systems  announces  the 
new  pocket-size  AirWatch^^',  available 
to  patients  via  prescription.  According 
to  the  manufacturer,  the  monitor  uses 
low-cost  microprocessor  technology  to 
record  and  store  a  patient's  lung  func- 
tion data — peak  expiratory  flow  and 
FEVi.  A  friendly  icon  named  Coach 
Wilby  indicates  an  all  clear,  caution,  or 
red  zone  based  upon  a  percentage  of  the 
patient's  personal  best.  Once  the  mea- 
surements are  completed  the  patient  may 
connect  the  monitor  to  a  telephone  jack 
and  transmit  the  data  to  AirWatch  Cen- 
traF^,  ENACT's  database  center.  This 
infomiation  is  then  faxed  directly  to  the 
patient's  physician  in  report  form;  the 
system  also  produces  a  monthly  report. 
Physicians  may  use  the  information  for 


immediate  inter\  ention,  to  evaluate  the 
effectiv  eness  of  dmg  therapies,  or  to  de- 
termine whether  patients  are  following 
prescribed  regimens.  For  more  infor- 
mation about  the  monitor,  call  (800)  267- 
9432.  Please  mention  RESPIRATORY 
Care  when  calling. 


Temperature  recorder.  Olympic 

Medical  provides  the  Model  90  Olympic 
Temperature  Recorder  tliat  can  also  print 
a  record  of  eveiy  pasteurizing  cycle  for 
all  Olympic  Pasteurmatics.  According 
to  Olympic,  the  recorder  continuously 
monitors  water  temperature  and  prints 
out  the  date,  time,  and  water  tempera- 
ture (°  C  or  °  F)  during  the  pasteuriza- 
tion cycle.  Other  features  include  a  kuge 
digital  display  with  easy-to-read  num- 
bers, a  support  post  for  easy  mounting 
on  either  side  of  the  pasteurizer,  and  easy 
access  to  printout  paper — standard 
adding  machine  tape.  Please  mention 
Respiratory  Care  when  calling  (8(X)) 
426-0353  for  details.  Write  to  Olympic 
Medical,  Dept  RC,  .=i900  First  Ave  So, 
Seattle  WA  98 108. 


system  that  works  w  ith  nasal  CPAP  to 
provide  a  one-night  respiratory-event 
study  for  patient  follow-up.  According 
to  the  company,  the  Surveyor  works  in 
conjunction  with  the  DeVilbiss  Hori- 
zon^"'' nasal  CP.^P  s\  stem  and  records 
the  time  the  patient  is  at  pressure  and 
breathing,  for  objective  information 
about  at-home  CPAP  adherence.  The 
Surveyor  records  an  8-hour  respirato- 
ry-event study,  separate  channels  for 
flow,  apnea/liypopnea.  snoring,  pressure. 
SpO:-  and  body  position.  The  data  can  be 
downloaded  to  a  computer  using  Win- 
dows soft\\itie.  In  addition,  the  Suneyor 
can  be  used  in  the  patient's  home  with 
a  body  position  sensor  and  belt  and  an 
oximetry  finger  probe.  Contact  DeVil- 
biss at  (800)  DeV-1988  for  details.  Don't 
forget  to  mention  RESPIRATORY  Care. 


Monitoring  System.  DeVilbiss  of- 
fers the  Survevor^'^,  a  new  monitoring 


LABORATORY  PROFICIENCY  TEST. 

Accutest  offers  a  proficiency  test  de- 
signed for  respiratory  and  cardiopul- 
monary laboratories.  The  program,  ac- 
cording to  Accutest,  helps  labs  meet  reg- 
ulatory requirements  mandated  by  the 
Clinical  Laboratory  Improvement 
Amendment  (CLIA)  of  1988  and  pro- 
vides meaningful  compm'ative  statistics 
that  allow  labs  to  assess  blood-gas,  CO- 
Ox,  and  electrolyte-test  accuracy.  The 
service  includes  written  notification  of 
upcoming  test  deadlines,  2 1-day  turn- 
around of  perfomiance  reports,  and  sup- 
plemental test  kits  that  help  verify  and 
document  the  effectiveness  of  correc- 
tive actions.  For  detxiils.  write  to  Accutest 
PO  Box  999,  Dcpt  RC,  Westford  M.^ 
01886.  or  call  (800)  356-6788— please 
mention  RESPIRATORY  CARE. 
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General  Information 

Respiratory  Care  welcomes  original  munuscnpi.s  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instmctions  and  related  materials  are  available. 
Write  to  RESPIR.MOR^  Care.  11030  Abies  Lane,  Dallas  TX 
75229-4593.  call  (214)  243-2272.  or  fax  (214)  4S4-6()1(). 


Publication  Categories  &  Structure 

Research  .\rticle:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page.  Abstract.  Introduction,  Methods.  Results. 
Discussion.  Conclusions,  Product  Sources.  Acknowledgments. 
References.  Tables.  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Techniquc:  A  de.scription  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page,  Abstract,  Introduction,  Descrip- 
tion of  Device/Method/Technique,  Evaluation  Methods. 
Evaluation  Results,  Discussion,  Conclusions,  Product  Sources, 
Acknowledgments,  References,  Tables,  Appendices.  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way,  or  is  exceptionally  instructive.  All 
authors  must  be  as.sociated  with  the  case.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page.  .Abstract.  Intro- 
duction. Case  Summary.  Discussion.  References.  Tables. 
Figures,  and  Figure  Captions. 


Update:  A  report  of  sub.sequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page.  Text.  References, 
Tables,  and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  filling  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving 
blood-gas  values — with  Questions.  .Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  res- 
piratory care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary' 
tunclion  tests. 

Test  Your  Radiologic  .Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulnionars  medicine  radiography  and  including  one  or  more 
radiographs,  may  in\olve  imaging  techniques  other  than  con\en- 
tional  chest  radiography. 

Review  of  Book,  Film.  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  lelease. 


Review  .-Vrticle:  A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page.  Outline,  Introduction.  Review  of  the  Literature.  Summary', 
Acknowledgments,  References.  Tables,  Appendices,  and  Figures 
and  Captit)ns  may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  dial  has  tewer 
than  40  published  research  articles. 


Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper.  8.5  in.  x  1 1  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify  Do  not  put  authors"  names  or  other  iden- 
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tification  anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page;  Title  Page.  Abstract.  Text,  Product-Sources  List, 
Acknowledgments.  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  acti\e  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg,  Patients.  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal's  style  for  references.  Abbre\  iate  journal  names  as  in 
Index  Mediais.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

1.  Rau  JL.  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube;  a  bench  study.  Respir  Care 
I992;37(I1):I2.VV124(). 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  I: 

2.  Bunch  D.  E.slablishing  a  national  database  lor  home  care.  AARC 
Times  1991:15(Mar):6l,62.64. 

Corporate  author  journal  article: 

?t.  American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  tor  chronic  ventilator-dependent  patients  in  hospi- 
tals. RespirCare  l988;3-3(  1 1  ):ID44-l()4fi. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3.  Suppl):l39S-l43S. 

Abstract  in  journal;  (Abstracts  citations  arc  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 

Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry'  (editorial).  Am  Rev 
Respir  Dis  I993:I48(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  1992:34(J(8833):I440-I441. 


Letter  in  journal: 

8.  .Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1991:99(4);I0,';l 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura.  1990:76-85. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Depanment  of  Drugs.  AMA  drug 
evaluations.  3rd  ed.  Litdeton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

1 2.  Pierce  AK,  .Acute  respiratory  failure.  In:  Guenter  CA.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  1.  Fig.  2.  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
tt)  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any 
commercial  product  (including  model  number  if  applicable)  the 
first  tiine  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 
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enccs.  Provide  model  lUiiiihers  when  available  and  inaiuilaetLir- 
er"s  suggested  priee.  it  the  study  has  eosl  iEuplieations. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  ci)nHTiittee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Stati.sUcs.  Identify  the  statistical  tests  used  in  analy/.ing  the  data. 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Cite  only  textbook  and  published  article  refer- 
ences to  support  choices  of  tests.  Identify  any  general-use  or  com- 
mercial computer  programs  used,  naming  manufacturers  and  their 
locations.  These  should  be  listed  on  the  product-sources  page. 

llnits  i)f  Measurt'iiicnt.  lixpress  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  .SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  etiiiivalent  values,  when  possible,  in 
brackets  following  noii-SI  \alues — for  example.  "PEEP.  10  cm 
H;0  [0.981  kPa]."  For  conversion  to  SI.  see  Rl'SPlR.VTORI'  C.VRl; 
1988;.v^(IO):S6l-873(Oct  1988)  and  I989;.^4(2):  I4.S  (Feb  1989i. 

Conllitl  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submitted  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviutioiis  and  Symbols.  Use  standard  ahhicx  lations  and 
symbols.  Avoid  creating  new  abbreviations.  ,\void  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  L'se  an 
abbreviation  only  if  the  term  (iccurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbrev  iation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviatetl  wilhoiii  explanalum 
(eg,  10  L/min.  13  torr.  2..^  kPa). 

Please  use  the  following  forms:  cm  H:0  (not  cniH20).  f  (not 
bpm).  L  (not  1).  L/min  (not  LPM.  l/min,  or  Ipm),  niL  (not  ml). 


mm  Hg  (not  mnillg).  pH  (not  Ph  or  PH).  p  >().()()  1  (ntx  p>().()()l). 
s  (not  sec).  Spo;  (pulse-oximelry  saturation). 

Submitting  the  Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  RhSPlRATOR'i'  Carf..  1 10.^0  Abies 
Lane.  Dallas  TX  7.'i229-459.^.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscnpl  will  be  acknowledged. 

Computer  Diskettes.  .A  manuscript  may  he  subniilted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  .'^.S 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date; 
author's  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  inust 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material,  prov  id- 
ed  that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

.■\uthorship.  All  persons  listed  as  authors  should  have  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript; 
all  must  have  proofread  the  submitted  manuscript;  and  all  should 
be  able  to  publicly  discuss  and  defend  the  paper's  content.  A 
paper  with  corporate  authorship  must  specify  the  key  persons 
responsible  for  the  article.  Authorship  is  not  justified  solely  on 
ihe  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
provision  of  advice,  or  similar  services.  Persons  who  provide 
such  ancillary  services  exclusivelv  mav  be  recognized  in  an 
Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  of.  or  report  sensitive  personal 
information  about,  identifiable  persons;  and  to  naine  persons  in 
the  .'\cknowledgments  section. 

Reviewers.  Please  supply  the  names,  credentials,  atfiliations. 
addresses,  and  phone/fax  numbers  of  three  professionals  whom 
you  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
may  be  sent  to  one  or  more  of  them  for  blind  peer  review 
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Health  Tips  Fact  Sheets 

A  '1  hcse  one-page  faet  sheets  help  vou  share  \'our 
knowledge  and  expertise  on  nnportant  issues  in 
respiratory  health  with  the  community.  Pad  of  50. 

$5  each  ($7.50  nonmembers) 


Topics  Include: 

1  lelping  Your  Child  Breathe  Easier  

Secondhand  Smoke  

Hating  Right;  Tips  for  the  COPD  Patient  

Dealing  with  Allergies  

Minimizing  the  Effects  of  Outdoor  Air  Pollution  ... 

Living  with  Asthma  

The  Process  of  Quitting  Smoking  

Coping  with  Indoor  Air  Pollution  

Exercising  Safely  with  COPD  

Lessening  the  Effects  of  COPD  
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Quiz  Sheets 

B  Inpatients  and  outpatients  alike  will  tmd  these  "IQ 
Tests"  challenging  and  informative.  These  true-and- 
false  tests  feature  detailed  answers  on  a  variety  of 
subjects  vital  to  respirators'  care.  Pad  of  50. 

$5  each)   ($7.50  nonmembers) 


Topics  Include: 

C;lieck  '^our  Asthma  "IQ"  

Check  Your  COPD  "IQ"  

Check  \'our  Cystic  Fibrosis  "IQ"  

Check  \'our  Indoor  Air  Pollution  "IQ"  .. 
Check  Your  Outdoor  Air  Pollution  "IQ' 

C^heck  \'our  Pneumonia  "IQ"  

Check  \'our  Secondhand  Smoke  "IQ"  .... 

Check  Your  Smoking  "IQ"  

Check  Your  Tuberculosis  "IQ" 

NEW!  Check  Your  Ozone  "IQ"  

NEW!  Check  Your  Sleep  Apnea  "IQ"  .... 


Item  R60 
Item  R61 
Item  R62 
Item  R63 
Item  R64 
Item  R65 
Item  R66 
Item  R67 
Item  R68 
Item  R69 
Item  R70 


1996  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


Tlie  American  Association  for  Respirator*'  Care  and  its  sci- 
ence journal.  Respiratory  Cark,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  Tiie 
abstracts  will  be  reviewed,  and  selected  authors  will  be  in- 
vited to  present  posters  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  San  Diego.  Califomia.  Ncnember  3-6  1W6. 
Accepted  abstracts  will  be  published  in  the  October  1996  issue 
of  Respiratory  Care.  Membership  in  the  AARC  is  not  re- 
quired for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1)  an  original  study,  (2)  the  eval- 
uation of  a  metliod  (tr  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, or  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previous- 
ly in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore, 
the  abstract  must  provide  all  important  data,  findiiiiis.  and 
conclusions.  Give  specific  infonnation.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

Essential  Content  Elements 

Original  study.  Abstract  nnisi  include  ( I )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity:  (3 )  Results:  state- 
ment of  research  findings  with  quantitatise  data  and  statis- 
tical analysis;  (4)  Conclusions:  intciprelation  of  the  meaning 
of  the  results. 

Method/de\ice  evaluation.  Abstract  mii.st  include  ( I )  Back- 
ground; identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method:  description  of  the  evaluation  in  suffi- 
cient detail  to  permit  judgment  of  its  objectivity  and  valid- 
ity; (3)  Results:  findings  of  the  evaluation;  (4)  Experience: 
summary  of  the  authoi's  practical  experience  or  a  lack  of  ex- 
perience; (5)  Conclusions:  inteipretation  of  the  evaluation  and 
experience.  Cost  comparisons  should  be  included  where  pos- 
sible and  appropriate. 

Case  report.  Abstract  nnisi  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( I ) 
Introduction:  Relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summai-y:  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  Content  should  re- 
flect results  of  literature  review.  The  author(s)  should  have 
been  actively  involved  in  the  case  and  a  case-managing  physi- 
cian must  be  a  co-author  or  must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  The  fust  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution! s).  and  location.  Underline 
piesentei's  name.  Type  or  electronically  print  the  abstract  sitt- 
^qle  spaced  in  the  space  provided  on  the  abstract  blank.  In- 
sert only  one  letter  space  between  sentences.  Text  submis- 
sion on  diskette  is  encouraged  but  must  be  accompanied  by 
a  hard  copy.  Identifiers  will  be  masked  (blinded)  for  review. 
Make  the  abstract  all  one  paragraph.  Data  may  be  submitted 
in  table  form,  imd  sijiiple  fii^iires  may  he  included  provided 
they  fit  within  the  space  allotted.  No  figures,  illusirations.  or 
tables  are  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested  at  the  bottom  of  abstract  form.  A 
clear  photocopy  of  the  abstract  form  may  be  used.  Standard 
abbreviations  may  be  employed  without  explanation.  A  new 
or  infrequently  used  abbreviation  should  be  preceded  by  the 
spelled-out  term  the  first  time  it  is  used.  Any  recuiring  phrase 
or  expression  may  be  abbreviated,  if  it  is  first  explained.  Check 
the  abstract  for  ( 1 )  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language:  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed.  Questions  about  abstract  preparation  may  be  tele- 
phoned to  the  editorial  staff  of  RESPIRATOR'!'  CARE  at  (214) 
243-2272. 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  February  1 1,  1996  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  March  22. 
1996.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (April 
28,  1996). 

Final  Deadline 

The  mandatory  Final  Deadline  is  April  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  b\  letter  only. 
These  letters  will  be  mailed  by  July  1.^.  1996. 

Mailing  Instructions 

Mail  ( Do  not  fax  I )  2  clear  copies  of  the  completed  abstract 
form,  diskette  (if  possible),  and  a  stamped,  self-addres.sed  post- 
card (for  notice  of  receipt)  to: 

Respiratory  Care  Open  Forum 

11030  Abies  Lane 

Dallas  TX  75229-4.S93 
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1996  Respiratory  Care  Open  Forum 

Abstract  Form 


o 

E 

CO 
CO 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  all 
upper  ease  (eapital) 
letters,  authors"  full 
names  and  text  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors"  names 
including  credentials 
(underline  presenter"s 
name),  institution,  and 
localii)n. 

3.  Do  not  justify  (ie, 
leave  a  'ragged'  right 
margin). 

4  Do  not  use  type  size 
less  than  10  points. 

."S.  All  text,  tables,  and 
figures  must  fit  into 
the  rectangle  shown. 

6.  Submit  2  clean  copies. 
This  form  may  be 
photcKopied  if 
multiple  abstracts  are 
to  be  submitted. 


Mail  original  & 
I  photocopy 
(along  \\  ith  postage- 
paid  postcard)  to 

Respiratory  Care 
Open  Forum 

11030  Abies  I.ane 
Dallas  TX  75229-4593 


£'fl/7\'  (leadline  is 

Fchnuiry  II.  1996 

{postmark} 

Final  deadline  is 

April  28.  1996 

(postmark) 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


MEE?s)fccH 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (RESP  CAREt 


B.  Adverse  event  or  product  problem 


i     I  Adverse  event 


I     I  Product  problem  (e  g  ,  defecls/malfunclions) 


2    Outcomes  attributed  to  adverse  event 

(ctieck  all  that  apply) 


I     I  death 


I     I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged       Q  other: 


I     I  disability 

I     I  congenital  anomaly 

I     I  reguired  intervention  to  prevent 
permanent  impairment/damage 


3  Date  of 
event 


4  Date  of 
this  report 

imc'day^yt) 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dales 


Other  relevant  history,  including  preexisting  medical  conditions  (e  g  .  allergies, 
race,  pregnancy.  smol<ing  and  alcohol  use,  hepatic-renal  dysfunction,  etc) 


Mail  to:     MEDWaTCH  or  FAX  to; 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 


of 


Triage  unit 
sequence  n 


C.  Suspect  medication(s) 


1    Name  (give  labeled  strength  &  mfr/labeler,  if  known) 
#1 


#2 


2    Dose,  frequency  &  route  used 

»1 


3    Therapy  dates  (if  unknown,  give  duration) 

from  lo  (or  besi  eslim,ilol 
#1 


#2 


4    Diagnosis  for  use  (indication) 
#1 


#2 


6    Lot  #  (if  known) 

#1 


Exp.  date  (if  known) 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

-1  Dyes  Dno    DgggPy"' 


Dyes  D  no    ngg^Py"'' 


8     Event  reappeared  after 
reintroduction 

#1  Dyes  D™    ngg^Fy"'' 


#2  Dyes  DhO    DgggPy"'' 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


2    Type  of  device 


3    fVlanufacturer  name  &  address 


6 

model  #  _ 

catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
I     I  other: 


5     Expiration  date 


7    If  implanted,  give  date 

(mo/aav'vn 


8     If  explanted,  give  date 


9    Device  available  for  evaluation?  (Do  not  send  to  FDA) 

I     I    yes  Q  no  Q  returned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  bacl() 


Name,  address  &  phone  tt 


2    Health  professional? 

n  yes       n    "0 


3      Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q 


4    Also  reported  to 
I     I      manufaclurs 
I     I      user  tad  ty 
I     I      dislribjtor 


FDA  Form  3500  (6/93)  Submlssion  of  3  feport  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you  re  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as; 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


•  1-800-822-7967 


to  FAX  report 

to  report  by  modem 

for  more  information  or  to 

report  quality  problems 

for  a  VAERS  form 

for  vaccines 


If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  m  a  facility  out- 
side a  doctors  office,  that  facility  may  be  legally  required 
to  report  to  FDA  and/or  ttie  manufacturer.   Please  notify 
the  person  in  that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patients  identity  is  held  m  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity  may  be  shared  with  the 
manufacturer  unless  requested  otherwise.   However. 
FDA  will  not  disclose  the  reporter's  identity  in  response  to 
a  request  from  the  public,  pursuant  to  the  Freedom  of 
Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  tor  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information 
Send  your  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of  information,  including  sug- 
gestions for  reducing  this  burden  to 


Reports  Clearance  Officer.  PHS 
Hubert  H   Humphrey  Building. 
Room  721-B 

200  Independence  Avenue.  S  W 
Washington.  DC   20201 
ATTN    PRA 


and  to: 

Office  of  Management  and 

Budget 

Paperwork  Reduction  Project 

(0910-0230) 

Washington.  DC   20503 


Please  do  NOT 

return  this  form 
to  eitfier  of  these 
addresses. 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APCFPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERMIT  NO   946     ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MEi:^JfccH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville.  MD  20852-9787 


liililllililMlMlllllllillilllllulliililllllillill 


Not-for-profit  organizations  are  offered  a  free  ad\'ertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  Care  Ads  for  other  meetings  are  pnced  at  S.'i.SO  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  w  ish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1 1030  Abies  Lane.  Dallas  T.\  75229-459.\ 


Calendar 
of  Events 


AARC  &  AFFILIATES 

Januan  31 -February  2  in  Clackamas,  Oregon.  The  OSRC 

announces  its  annual  Pacific  Northwest  Respiratory  Care 
Conference  at  the  Monarch  Hotel.  Presentations  iiichide 
"Health  Care  Reform:  What  It  Means  to  the  Practitioner." 
"New  Modes  of  Mechanical  Ventilation.""  "What"s  Snoo/e 
in  Sleep,""  and  "Humor  and  Healing  in  Respiratory  Care."" 
CRCE  credit  has  been  requested.  Contact  Irene  Iwata-Mor- 
ganat(503)494-61.'S8. 

February  20-23  in  Reno,  Nevada.  The  American  Lung  As- 
sociation of  Nevada  and  the  NSRC  host  the  1 5th  Annual  High 
Sierra  Critical  Care  Conference  at  the  Pepperniill  Hotel  and 
Casino.  The  conference  covers  critical  care  topics  in  adult, 
pediatric.  ;tnd  neonatal  medicine.  Contact  Sherry  Landis.  ALA 
of  Nevada,  PO  Bo.x  7056,  Reno  NV  89510. 

March  13-15  in  Southshore  Lake  Tahoe,  California,  Chap- 
ter 9  of  the  CSRC  presents  the  18th  Annual  Tahoe  Confer- 
ence, "Setting  the  Sails  into  the  Winds  of  Change,""  at  the  Em- 
bassy Suites.  CRCE  credit  has  been  requested.  Contact  Kathy 
Gallego  at  (510)  947-5375  or  George  Rice  at  (510)  947-5292. 

May  1-June  30 — Management  Training  Institute.  The 

deadline  to  enroll  in  Module  2  (Communication  Skills  and 
Managerial  Accounting  Part  1 )  and  Module  6  (Business  and 
Health  Law  and  Organizational  Beha\  ior)  of  the  Management 
Training  histitute  (MTI)  Independent  Study  Program  is  April 
1.  MTI  is  an  8-module  program  of  the  AARC  and  Indiana  Uni- 
versity. Sign  up  now  to  e;uTi  the  MTI  Certificate  in  Management 
Development.  Call  Barbara  Hakes  at  (317)  274-4475. 


OTHER  MEETINGS 

February  25-28  in  Snowbird,  Utah.  The  American  College 
of  Chest  Physicians  ( ACCP)  hosts  the  meeting  on  Cardio- 


pulmonary Wellness  and  Rehabilitation.  The  meeting  is  ap- 
proved for  1 2  luiurs  of  CRCE  credit.  Contact  Renata  Simonsen, 
ACCP  Education  Department,  3300  Dundee  Rd,  Northbrook 
IL  60062.  (708)  498-1400.  fax  (708)  498-5460. 

March  13-14  in  Baltimore,  Maryland.  The  Johns  Hopkins 
Hospital  Depiulment  of  Respiraton  Ciue  presents  a  2-day  sem- 
inar. "Lectures  in  .-^dult  and  Pediatric  Respiratory  Care."  at 
Johns  Hopkins  University  School  of  Medicine"s  Turner  Au- 
ditorium. Topics  include  sleep  disorder  breathing,  pulmonaiy 
management  of  acute  lung  injuiN .  nitric  oxide.  Joint  Com- 
mission preparation,  and  liquid  ventilation.  The  seminar  is 
approved  for  12  hours  of  CRCE  credit.  Contact  Debora  Brown 
at  (410)  955-9276. 

March  28-30,  1996  at  Big  Sky,  Montana.  The  American 
Lung  Association  of  Montana  aniK)unccs  the  15th  .Annual  Big 
Sky  Pulmonary  &  Critical  Care  Medicine  Conference.  Con- 
tact the  ALA  of  Montana.  825  Helena  A\  e.  Helena  MT  5960 1 , 
(406)  442-6556,  fax  (406)  442-2346. 

April  9-15,  1996  in  Miami,  Florida.  The  Ventilation  As- 
sisted Children's  Center  (VACC)  of  Miami  Children's  Hos- 
pital Division  of  Pulmonology  announces  its  free  camp  for 
\  entilation-assisted  children  and  their  families.  Activities 
include  field  trips,  sw  imming.  games,  arts,  and  crafts.  The 
application  deadline  for  overnight  campers  is  January  5.  1996. 
Contact  Director  Moises  Simpser  or  Coordinator  Cathy  Klein, 
VACC,  Division  of  Pulmonology,  Miami  Children's  Hos- 
pital, 3200  SW  60th  Ct,  Suite  203.  Miami  PL  33155-4076, 
(305)  662- VACC,  fax  (305)  663-8417. 

September  18-21. 1996  in  San  Jose,  Costa  Rica.  Tl:e  Costa 
Rica  Society  for  Respiratory  Therapy  presents  the  2nd  Latin 
America  Congress  and  Caribbean  Congress  for  Respiratory 
Tlierapy.  Contact  Lie.  Carlos  E  Pereira  Hidalgo.  Apaitado  184- 
1017.  San  Jose  2000.  San  Jose.  Costa  Rica.  (506)  232-8310. 
fax  (506)  232-7786. 


Mark  Your  Calendars! 

This  year's  AARC  Convention 

November  3-6,  1996  (Sunday-Wednesday) 

San  Diego,  California 
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